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f»R’fiFACE. 


T his Hand-Boo’k which has been pre^ed^iC^r the^ 
qf all concerned 'in the, constructiqn A|id maintenance 
tfie Permanent Way of Eailw^^*, s)ipp?ies ready lil^iigg^iintte 
means of dealing with,the problems of a dhnensional nature 
which arise in i^fe planning '‘and daying of track in' correct 
alignmeht^.and with wie proper use of the manufactured parts , 
‘ of which it is coiriy?’^j6ed. 


Whilst arming to pro\nde ar'j'^ssentially practical ^ork 
for the use of the trained Civil En'^gineer, his Assistants, and 
thc^.ipnginjerfng Student, the authors li.^ve had illso iw mind 
the needs of those engagedj^fn the actual laying and up^ep 
^of the track—the Permanent 'Way Inspector,^he For&igg^,* 
g,iid that large class of manual w'arkevs in whose rank'.,- are. 
many thoughtful and intdngent ml^n »^>^T 0 take a real interest 
in their work. Thelwok is intended to stKMi^t.hen tlU.eso^men 
at'^their weakest i)oint, as they have nm’ usually ’had the 
_o|)portunity of gaining a knowledge of the' matliernatiof;!, side 
of their.jyv 9 rk. It is trusted that they will miralier largely 
amongst Ube readers. Thougli it has been necessary to use 
mathematics ^\jth which they may be unfamiliar, Uiely^. arc 
asked n6t -lio be discouraged if at first they fail understands* 
certain parts, since, as V^V-h any sunjcct ijuch af- this, a 
complete grasp can only be attained by study,\vhich shoulcl, 
where possible, be supplemented by a certain amount of oral 
instidlotibn. 


With regard to the last point it is hoqed that the book 
will fulfil a long-felt want as a text book Juitabl® for use with 
any scheme of lectures on tbs subject, such as may wisely 
be reorganised on the Ijiiies of the already existing, Sohooja of 
Signalling^atid similar courses of instruction dealing with the 
technical side of railway work. 



p^efacdV 


'The mathematic%\are-‘kept as sipjple as 'practi/^ablo, bii*-' 
it inu5t- be rocogniaed* that* scog^in 4i}f3 IbreaAnent of aucli 
IfL ^^bject \^t)V3ld be f seriously. restrictftd ' unless Geomefcr\', 
Algebr'', and Trigoi-omotry-were eixi^ployed., 8iraple*^expla,na- 
ti6ns of thed6 subjects have therefore been included to enable 
^e^revi«v^ly iii:Hnformed, but enterprising student, to follow 
the derivation*of ‘ fiie rules, and to put' them tp use wj^br’' 1. 
beinc confined to tftie .laborious methods of elementary 
arithmetic. 


• f 1 

, It must bo emphasised, however, tbat^ in practically all 
cases the rules are conver^ied into such 'a form that tbey may 
be. employed by the use of arithmetic ^ 9 , 101 : 3 . 

. ‘The practice lOn Bnhsh Kailways of ^andarcT' Gauge 
has been the first cofisidoratfon but, in principle, the views 
expi'e'sfied apply to railways in general, and the rules'are .si'ated 
ii> euch a way that they may be applied to any gauge or unit 
o^n^easurem^t in use. ' 

It is not only l;Q\t book that the work is intended, 
but also as a bool^ of reference. In this respect every efiort 
.has' beojt made tw facilitate ready reference and universal ■ 
applysation. To. njeet the different conditions obtaining .on 
various railways, «blank columns have been provided w-bere 
it is necessary, so that tlie user of the book may insert 
Miineiisionsc applyin:; to the practice of the particular railway 
ewitt which he is concerned. * 


/ 

The treatment of curve problehis, and their applicatidb to 
points and crossing nroblems by the methods of drawing to 
scale or lining out, is treated thor'^ughly and, it is believed, 
in an original manner. 


‘ The calculat’on of dimensions required in point# and 
crossings is r based- upon a turnout curve tangential to the 
switch at its heel, and not on the obsolete “ tangential to main 
line^nietho/l.”/ The rules given will, it^is hoped, stabilise ,the 
pmc^ce and do away with the confusion and inaccuracies 
Wh’ob-have hitherto exists. f c 

IV. J. 






The 'Cen4:e Ljna Iklothtfd of AioasljremeEft'of the ^isossing 
angle has been adop^d as l:fcing practically urrigensal 'on. .“'i' 
railwfys^f this country. 


Nearly alNtlie text and diagrams and^TKany of ihe 

tables are iipblishedefor tlTb hrst time, and ctiiitaii^nany ne^ 

and fresh metheda of calculation.^ 'Iliey lire the reaulte 

df long experfenoe and earful viiorl^ing,*an3 have ^en^^ted 

in actual practice. Pains have been taken to avoid errors; 

"beUki is jiossible ^mt such exist, and. sTiould any be disSSVered,' 

the authors would be^lad to^be notified of them, so th^t they 

may be rectified iujsijfoture edition.'* 

% 

Aipr fixiggei^ions for'increasin^^he usoful?less of th^ work 
will be gladly received and ackqpwdedged. 

jriie ifiiport^nce of the subject of track alilnmecit* ha^ 
ijoen *kept carefully in and the princiiifes have, hepn 

systematically set fortli so as tft facili4ate the thorough sjjj|j4y 
^’hich is necessary by,all concerned. 

It is a desideratuin that our *ReCirwas8 should have the 
, safest and ejjisiest rSnning roads possible ^ndor life vaiying 
circumstances. The principles explained in this volume nvill 
■tend to this and also to economy in makyig tiie best of the 

N 

costly materials used in forming and maintaining a modern 
railway track. 


Manchester, 
May, 1^22. 


VM. aai^VOETH. 

J. THCJSt LEE, 
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CIIAP-ftlR 1.— 


ICH-iPTER I. 


INTIiOJ)i:cT()BY. 

•'“^Phe purjoosp of ihit^ v*ilunu' is brioH/- cxplftined in the 
-It is now propust‘fl,to lalve" ii f^cnoral tflirvey of 
the procedure and rnetliods <>i undortakirij' railv ay tsack 
dir»u?nsional workr aiid notes and sugp^estions will be given 
as 1o the study and practical application of the contents of 
the bpok 

> 

General I^rooedure. 

Tfiis may best 1)C explaiiied^by taking the instance of 
an intciuled extension or alteration ol track arrangejnents. 
Aftli'r tho*Jic.coininodation and facilities 'necessary' have been 
llei-iilcd iJpi*n. a-f])lan to a comparativedy small si-ale, fcneh 
as t)5 (H‘ 40 feet to an j)*Ph, is drawn in the Engineer’s 
Othce. ’I’lie pnr])ose of tnis plan, V?hich is nsnally named 
4lu.* “ Hcheine IMan.” is to discover and decide upon 'the 
begt arrangement or “ lay-out ” tnat can be made in the 
space available. The Inspector, Vw other person instructed 
to’.carry out’the work, may in some cuse» be lu’ovided with 
nothing more than this sidienu; plan. 

■ in other cases he may also be supplied with a “Wo/'king 
Detail [*la?i,” to a s<-ale of 8. 10. or.20 feet to an inch, 
showing every dimension-mccessarv fo^'enable him to onler 
the material, and lay it in its correct position. In either 
eve.zit,^'*’*the inTportant points in tlie lay-out^, according to 
cirftiimstantes, may or may not. pt-gged o\it on the 
ground by an Engineer. 

Eor intricate and important work^^ the latver procedure 
should always be ernplSjrod, with tlfie proviso that the 
Insp’hctor should be present when detail setting out is 
proceeding, so that he may call, attention to practical phte- 
laying considerations, and be familiar with the positions 
awived at. * ^ “ *" ' 

The former procedure however, is frequently adopted, 
and^ theBffore, it must be ns$umed that it is reflsonable to 
expect tite practical-iman to work from the scheme 
alone. This means that he must bo able, from fixed 
lengths, widths, radiii-of curves, etc., which may be tiven 

A ' ' . 1 


I. 

on the plan, or are ol^hervvise dotei'tninubj’e, to derive* such 
other dimensibrs as are nricessafj to I'n^ible -.lim to ordeV 
, the requisite imateriid-, and afterwards».lay it in its correct 
'^jos/tipn. 

These “ Detiwl Dimensions’’ will ^^^chide suitable' 
lengths of v’.witches, rails and timbers, proper types of 
bhairs, correct angles of crossings, of' turn-outs, 

distances ^pa^t of,'Crossings, and such lateral dimensioro “s 
will give the track thy required clearances to adjacent track 
and^ strupturcs. He must bJ able to set out minor curves, 
apart from the genersd main centre lines located by the 
EngiKeer,-and to give curves their correct super-elevation, 
increased gauge, and otho*/ adjustments. Tn addition to 
working from a plan, he .^'liouU’ kno\^ Jt^ow to obtain par- 
tiouli '■s for the laying <jf tpick arrangt'inents of u fairly 
simple nature from verbid or written instructions. 


VVith regard to an existing “ Tvay-out.” he should know¬ 
how to record its pa ticiilars, such as nidii of curv,fs, angles 
of ci'tiSsings, etc., jind be able to critically: e^xainine ijt and 
find where iia])rovenient can h'' made when opportunity 
affords. ' . ' 


This ^summary iucliulcs work which In some cases 
would be dealt witl\ by an Engineer, but there appears no 
reason why the a. spirant'to the positi")!! o-f Inspector (>r 
For(>man**'shou^d not .study to equip himself with all tiic 
knowledge that h'e can. Oc.casion.s may, and indeed often 
do. eriae in the e^dgoncios of railway working, for him to 
use it. On-many occsisions a man has been brought into 
prominence by his ability, when an aticident has occun'e(U 
^toqui(ikly obtain eivact particulars of the materials required, 
and withoift rlelay determine the positions for the relnstfue- 
ment of imporfant trreks. 


Methods of l(irc:king. ^ 

In obtaining thd “Detail Diriensions,“ more particu¬ 
larly afl regards those of points and crossing work, there are 
three main Methods of Working:— 

1. By Caloulation based upon dimensions given from 
headquvirte'ts, or such as oon be directly obtained on 
the site. Uilder this method is included the use of 
Tables of Dimensions a.pplicn.ble to tlie work. 

2.1 By Drawing the new work, or ,portions of it, upon 
paper to a scale large enough to measure the required 
,"dimensions with sufficient accur:.cy by scaling. 

« 
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^ . — - - —■ . 

3. By. LlniA^* oi?t the new wovfc-ujion tlie* ground with 
string’s, so h i to abtfjin the . cquircd* dinien<iioas 
. directly on the site. 

ft ' 4 ' 

Metiiod 1 (CalGUiation): should be applied a-s US 
posstl:)le. It calls for little or no ussistaiiee. InstiTiJ 
tnents, are not ■.dfjliired. Thf results are usut»lly"very 
satisfactory, as a high degree of, aecuricy may be 
obtained. ‘ ^ ' 

Unless, however, the lay-out is fairly simple and 
with regular outlines, there may be of the work. 

' which will,be difficult to solve by ciibulation alone. 
Ivecourse sliould then be niarb* to fjne of the otlier 
nuithods 

1 

Method ^ (Drawing): liecjuires some aptitude or prik-tie© 
ifi gooinetrii'ul drawing, rml'-the provision v of the 
necessary drawing iifstrumenls. including a set of 
curvfal rulers. d’he ehief diffieuJty, for Ihose .jriot 
ti'uifted in surveying, may occur in the drawing of the 
po.sitioii of e.xisting by which the new work will 
he affected This diflicidly, Ivjwever, may often be. 
overcome by measurements of a simple charactbr, as 
explained in Chapter XXV. , . * 

Method 3 (Lining Cut): 'rhe mclhod most generally in use 
^ hy'^ Inspectors when the method of calculation will*not 
serve. ,, 

It has the advantage of showing by the .strings the 
appearance of the new work in it^ actual position, and 
tile various crossing points, etc., may be marke«l 
’ forthwith. The disadvantages, however, arCi serious. 
The mcth(xl involves delay, ns the lining out must 
await, favourable weather and traffic coiuhtions. A 
fair amount of a.ssistani;e is required, ti€u\J accuracy 
may be interfered with by carelessness on the part of 
an assiatHnt, or by'’ the wind dertecting the lines. The 
. <5hief value of the metho<l i.s to check and establish 
jmeasurements arrived at hy^the other methods. » 

In some cases it m^y serve to »«olvcf»sorae problem 
with regard to a -portion of the W'yrk, which would 
need elaborate calculati<ifei ,or surveying to solve other¬ 
wise. 

^ • 

Thei*e need be no hard and fast rule adopted as to the 
use of any of the three methods.* Any one, or even a!^ of 
them, may'be brju^ht into .^service upon the same w^ork;- 

a 



, CHAPTER I. _• 

the ayn to be^ept in view beingdhe fitta^inent of the nvn^*^ 
satisfvl'tory result iiirdev the (■^"fc•uTus^auJ,o^ In the follow- 
?iirr{:? chaptei's will be f/und the inhirniatioh necijssarv to pvib 
these methods ink) pra< lii e. 

'R^&um6 of Contents. 

The Mis( elKineous l)iuiensionM Avhieh must be obser\ed 
in laying traekwor'k are given in Cliaptoi' II , liivl, to a'\oii' 
mii'iindc.’standing, DoHnition^ of the teehiiieal terms U'^ed 
are inehidod where ne/‘e'jsarv. 

. * * 

Chapter III will serve as a nderem-e to the partieular>, 
of the ^'omponent Parts of the ‘raek. 'J'he information given 
will enable a selection to he Inadt* from .'.be available rad'' 
cbair^: etc , sueli as will most etti(‘ientl_\ and eeoMomieally 
fulfil the purpose riH|uiroo. It will also form a guide co the 

spaces neicessary for cIiairiHg, tiinheriiig. eti*. 

{ 

In these two chapters, aiul elsewhere when ireecssarv 
the dimensions usually adopted ^re given, but l)laiil< spuet.-s 
are provided, so that, the iliinensions obtaining in the 
prai'tiee .>f the particular railway thi' reader ma\ he eon- 

cerned with can be. inserted. . a 

* 0 

Chapter IV.(' explains, in brief, th“ elementary prin¬ 
ciples of Matbei-iatics, and Cbapter V. thosi' of (Tcnmetry 
witji its general theorems and problems, upon which l.ilter 
so‘much of the theory ef the .subioct is based. 'I’lu' range of ■ 
knowledge required to inulerstand these is only tinit of the 
ordinary school edii'catioii. of to-day, and anyone' tlius 
equipped .will be able to follow the derivation of. aivi p"t 
• to use, all the’rules in,the book. Tliose who arc not prepared 
to use mor^j than simple arithmetic will noces.sa.rily be 
obliged to acc'^pt the rules in the later chapters as (;orrccl, 
and use them as converted to their simplest and plainest 
form. To suit such readers, the ..rules most frequently in 
use are stated not only by the usual mathematical forn^doe, 
but also in words. This, vliowevcr, is only done w^herc lla^ 
rule is stated for the first time. In the worked out exanijilos 
the rule will bR mifited as a fol-inula, its reference number 
being given, so that its equivalent in words may be referred 
to if required. 

Usually the working out of the o^amples will jbe shJJw'n 
by other than Trigonometrical Rules, it being assumed that 
tho'i^e ^Vho choose to use these will easily be a/ale to do so 
without examples. ' 

4 




^ The reader wlioiwill, mala* liirnselt faftiiliar'-wjth the- 
symbols ^iso<l, learn reail -a rtile expressed by those, 
symbols in the Snape of a fonnula| will find*his*study* of 
thiS atul other woi k^^. togeflicr with ,bis calculations in, 
evervdav wc^-k? f^rcatly facilitated. It must be noted tj^at 
all the (liinonsion^ in. any rule arc lii the same *mit o( 
ijieasureulent. so as to avoid cortf lesion. •* 

■iw- Curves, with ttte pupblema and acfyislments appertain- 
infy tbereto, aie dealt wifl^ iv CliiTptia’s VI. to^X. ^'Fhe 
reason tor this extensive tri-atniont is, tliat nut only dues 
tbi‘ jrroccdure {civen apjrly to cuvfes in plain line, hut it 
enable's problehis in points and crussin<»s t(i be correctl> 
dealt \vth by tbe ♦nclhoifs of “ Drawing to seaie " and 
“ Tjiiiin^ out.” % ■■ , 

Poyits and (‘rossins:s are^dcalV with yi tlt€ later 
cba|fters Kach f-bapter iifron %ny piirticjihir c#ntrivaiicc 
will deal separately with;—-tlw general aspect, the practical 
rlgitails, •and th(^ calculations. Ttr ur^lerstand the c^cula- 
lion* applying to any truck arrangement, such as the Turn¬ 
out, it will be nccessjyFy to Hrst peruse Die important 
chapters dealing with the l?fwitcU the (.'rossirif^, ahd the 
Creiieral Ilules • 

• Tile System uf Factors. men^ioBoePin ('hapt^i* Xlli.. is 
more fully ex])l:ii;,ie<l, with examples, (.’hayrtyr XXIV. 
liy this svstr'iu rcquiri'd dimensions in j:j*)il!ts and tirtiSbing 
problems ma\. in nraiiy cases, be fyund with sufficient 
ac>'uracy, b\ simply multiplying a given <Umension bj* the 
Factor. • • 

Special notes uyron the Method 6f Drawing to Bc|^le are 
^iv(>):i in Chapter XXV. Much of the»procedur*', however.* 
is dependent upon yrriiieiples exj)laino<l ‘in the earliey;- 
chapters. ® • • * 


System of Symbols and Referenoe Numbefb.* 

In order that easy reference to Die Rules, Diagrams, 
ety., may be made, the following system has been adopted: 

• Symbols denoting a. defiflltx' dimension from one'yioinl 
to another, and used in a. rule or formula, are indicated by 
an upright capital or gmalt letter, thu?^:—^ li ** for Radius, 
“L” for Lead, “d” some special distance, etc. 

Points upon the diagrams, such as the ends of a line,* 
tllb cer^re of a circle, etc., ‘are indicated by sloping lefters, 
thus:—‘‘ A B." These.two letters in the text w'oiild denote 
a line froyni point A" to point B.'* There is an^*xcep- 
Uon to this rule*'in the caseprf>f Chapter V. 

. & 
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• The General litileS for,.- Circular ^^,’urves, * Chapter VT. 
and Tt\bles 28^ and 24, ar^i numbered and marked with a 
V(l’’ proeedhig the nipiber of ^he rule.* • 

The nupibers Ckt the (ieneral Ktiles for S».vit('h6s and 
Gr^.ssin^^. Tables 2'.'), 20. and 27, ar? followed by,a small 
latter ’-la,” “ b,” or “c.” accordim:; to^ the type of rule, 
triffonomei^ii'al or otherwjstt ' 

. B • , , . 

Miseellaneous Kulea nnd Ta^bl’s oceurrin^ thr(>iighn,.*u 
the >vork, the l)ia.gi’ams. and the Problems are numbered 
thus:—“XV.—5”; the llomun numeral iudieatin" the 
chapter in whicdi the ru\e is first given, oh, in the ease nf 
Tables, Diagrams, and Problems, the chapter'’in which they 
are inclicded ^ . 

When a Tabth is referrad to thus:--“'J’able 25,” it 
must be understood' that t it is one of the collection of 
(reiiefal Tiibles' at the end Wf the h.nok. 

Tabl^ * 

Of the 51 Tables, only 15 arc confined to the 4ft. 8-gins, 
gauge. By the employment of theM’ules given in the book, 
it wilPbe ,a comparatively easy matter to construct tables 
applying to other gauges.'* 

Attention is Ciillod ‘to arable 20, which, in eases where 
<limensionl? ai‘e nroportional to the gauge, enabled several 
-of the other taKlths to bo applied to dift'ei-ent gauges. 




* CriAPTrftt II, —MISCALLASKOU5. 


CHA*I^TER tl- 

• • 


MfSGBLfAXEOUS DiMENSJOXS 

• • DEFINITIONS.* 

• ^ • 

Dimensions of a miscfbUaneous ehtiractor affplyiilg to 
railway track and structures in oonnecLion therewitji, are 
tlibulatcd witfe explanatory notes in this chapter. The 
usual diiuonsions aejopted^m British Railways of standard 
danger will be gi^'en, but in..sorne cases it will be necessary 
for the reader to uuike altcifitioris and additions, that 
the iigdres may conform to tliqf ijracrice of thV. railw^jiy li<* 
is concerned with " * * 

• 0|jjr)ortunitj' will be taken to deline (us* priiitnd in 
italics), the terms used, becau^ 1 !? as is wtdl Itjiow'U, there is 
a'regrettablo lack of uniforiuity in railway technical h»rra» 
and their aT)plicatioT). 

• In Americti, the Ruikvay Association has recommended 
certain standard dofinitions for'adoptic^i in that country, 
but the only steals taken with regard torJBritiJli ,pritftice 
^"ould appear to bo the definitions w'ith regard to Tramway 
d’rack, laid dow'n- b;\ the British Ertgineering Standards 
Association, in their Report No. 79, 1919, and the enorts* 
recently made by the Insljitutiop of Railway Signal 
Engineers in respect "to matters ^oming within* thei^ 
*i)rovince. * * 

• • •• 

^ Dira^msions such as Spaces, Clearancesf Distances in 

.connection w'ith points and signals, etc., 0^*0 ioHuenc^jd by 
the Board of Trade Requirements yi regard to Railw'ay 
Construction and Operation, dated 1908. The. present 
aiKbhority in this respect,* is the Ministry of Transport, who 
huire revised Requirements•itnder consideration. 'When 
these are issued, certain alterations may^be necessary to 
the Board of Trade dipien%io*is given In^theu^^otea. 

GEOMETRlfjAL TERMS. 

Simply Cunr6. • 

A line which ia « portion^ of the ciTcumferencp of a 
circle, the gi/roof a circle. This ia the curve uniySrsa^ly 
used either for the whole^or the nfain part of a railway 
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OHAPTEU II. 

^ • I ’ 

curv<^ Curve* ]5r.i)bU*uis are-dcalt jvithiin Chapters V., VT., 
.jimi vrr., whilst the question of, Jjimitiuf Kudii aW other 
i'iwlrcd poinfs tJire disoi/fescd in*Chapter Ia! 

i' e 

<Co^tra Flexure. 

* -1 icriu unvd (u denote tlini tiro "conT-voted curetti bend 

^09 * 

■III (tiipaiiiic dim'thus* 

Similar Flexure. 

-I term used to denoU’ that tivo connected rurveif bend 

<4 . *’ , i 

in the same, direction. * 


Tangent.** 

r ' 

In<i.G(iomi'lr}), a struiijht dine loarhimj but not ciiilintj 
a cnr.ve. - Tn .si;)nie couEtues the straijiht portions 6f a 
railway track an- knf)wn a,j “Tan^i'iits." The term 
“ Tai>‘'''mtis also uw'd in Trigeaioiuelr}. 


‘Tangen^t Point or Springing of /liiirfv. 

TJu’^ [ivint from irhicji a iiirre springs, that is where 
it touches (i line or rtlicr ^‘uriie, 'the tiro being said to Ic 
“Tangential" at the poinl\ 

Compound Curve. 

II A ' 

M curec formed bg two or more simple curves tangential 
to each other and of similar fiexiae. Se«‘ Cliapter VllJ, 


I <i 

■ Reverse Cutve., 

A curvesfqrmed by t;eo simple rdrves tangential lo each 
other hut of opposite dexure. Wee Chaj)ter VIII. 


Transition Curve. 

A,curve muling a gradual change from a straight like 
to a*circular curve or from 'iSne circular curve to another. 
The Aniericaii toj*in is." Kasement Curve.” See Chapter X. 


GAUGES, SPACES, AXD CLEARANCES. 

Gau^e. 

The least distance between the*rail heads of a track 
where tki?i/ are touched, by the fta^igcs of t'hcdvhects. 

8 . 
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* MISCEtLANEOUS. 

Table of princlpSl Railway Gluiiee in use. 

ins. * ' * ■ . ■ . ‘ • 

8^ *T1k‘ Staudurd Gifiig(‘ ot Brftain. thert? being 

loMR thajl 2(K) inil^s of Ktataitory rafte avR. ot otjicr 
• Any, giiupe'.othc’r Than thi>! nmls special 

authorisiitioiij It is also the Vitandafd Gifuge in 
•U.S*A., t'anada. and «iti coriain railwifys in Eunifa.;, 
Ai’iStraiia,• iitii! South .fVncrie.i. *' 

Oi 1-4,“) iiii'tivs. thf Gauge in Fwiikm*, 4'roiniany, and 
iiTany counh'ii's* oj' Europe, " 

0 Tlie JJroad Gauge dn *Iri(lia and sonu' crminlriu.s of 
South Anieriea. In Sj)aii^ and Portugal the gauge* 

is oft, f)^'ins. • 

Irish liroad Gauge Also \ised in South Aiistralia 
• and Vietorm. * • 

0 Eiissia.* 

(') • Sf)nlh Africa. t^ueen‘.l,4nd, >\'»*st Aiw^tralm, New 
Zealand. -Japan ^ * * , • 

' d'he Afetn* Gauge list'd for Eight EaiKvavs in 
i’ I''ran(‘<* I n^Iia . ]\Iala.\, etc. • 

Eight K:tih\a\ Gauge in Ireland. Isl^ of Man. 

(i ()ni‘ of the Eight 1 JaiEvay Ganges in India and 
•used in several (»f Tlio Bl-itish GoIonh'S^ ftocinn- 
nieiided by the Taght* Railways Investigation 
C'onnnitteii (M. oi T) ’%\ P'Vifll, to bo iVgarded as 
ihe standard for narrow gauge ^jnes. « 

0 South African Eight Ri»i!wa\s «i?id .sonic'^ifHian 


! 


lini*s ^ 

(■/() ( eiilinietre Gauge. Eight' Railways on* the 
•Goniiru'ut. Eestiniog Railway and othiTs in North 


Wales. Hritish ^lilitrtrv Ijight Rail\va^s. 

1 0 A connuon Workshop Railway Gauge*.» • 

I 3 The smallest gauge in nractical* use Eslcdnlqj* 

Railway. '* * 

l^paoe. 

TJir diiilTinrc hiiiree>i adjacettf iradiH. 

Tin* Space is usu^uly measured between the outside 
edges of the rail heads, i.’c., “clear.” In drawing plans or 


rriiiking calculations in \vhicB,tJie gauge lines are indiofited 
or usi'd, the space must bt* taken to insidi* edges of rails. 
It w'ill th(‘n he ternie|j[ “ Spijcci (gaug^ linfs),• and equals, 
“ Space (clear) ” plus vvij^Itii of two raillieads. 

On curves, spaces mu.st^e wider than on the straight* 
tc^allojj' for the overthrow .of vehicles, unless*the standard 
space IS wide enough to give the necessary safe, clearance 
between vehicles. ^This suhjectds dealt with in Chaptgr IX. 


SPACES (clear). 


' (• Us^-ial. 


^Standard Vetween a lair (Up ildtl ' 
Down) of Main vracks./.; 


It. ms, 

i. 


'Between a pair of Main Tracks 
' and one or a pair of additional 
liuTining Traces . 


Eet\vc5tn a Running Track* and a 
Siding . 


Bptwegn floods Yard ^iv,ings. 6 0 

• f 

' f 

4 

Betwoeiv floods Yard Sidings, for : 

Cartways .’..; 24 G 

«> I 

Between Coal Sidings ,.6 0 


Between ]\larshaH'nj' oi; Sorting 


Sidings 


Between Carriage Sidings .| 8 0 


«* I ( 1 ir 

Space to allow for Large Main ' 

Line/Signal Rost ...i’ 0 

Space to atowfor prdinary ^lain I 

Line Signal Post . 10 0 


Space for Siding Signal Post 


6 

0 \ 

9 

r 

t 

10 

0* 

10 

0 

f 

1 

0 r 

6 

.0 

6 

0 

24 

G 

6 

0 

7 

0 

f 

8 

0 

8 

0 

to 

10 

0 

10 

G 

to 

11 

0 

4 

10 

0 

9 

8 


‘ ^ Boald of Trader Requirements. 

Point. ' . ‘ 

The point at which the apace 'betivecn tivo converging 
trachea becomes msujjicknt to allow vehicles on them 
safely clear each other. Wlierp u running or pa^engor 
track, is, cone,P]t,nedj,.the fQuli,ng point must be talien^ where 
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thf space is (3ft.. Tti'computing stainling wagon room in. 
gwxls sidings, the fouling goint i^ -often fcnkcn* at a .5ft. space. • 

Clearandls. I . - 

. The horizo7ifal tUfittnice. from ^ufer c(f^f of’ntiJ U) |r 
Hlnn-f\irc oi'^oh'^’rl of tinff hitf-j. , • • 

According tu lioitrd cd Tradi^ Rules no strueture oyTcr 
tliiin a passenger pliitfonn, iniiv he nearer to the side of “a 
carriage than 2ft. 4ijis. a( an;v* |)/)int^l)et\V('pu llfif level of 
»4>6t. ai)ove«rail level'and^he top carriiige doors. 

On the 4ft. S^ins. giluge# witR rails 2|iiis. wide, and 
carriages Oft. wide, the niiniminn oltairanee must therefore 
Ije 4ft. Ilins. on, a straight road. • • 

To allow *a man to stand between a structure and. an 
open carriage door, *1110 ch^irance should be about <»ft. Gins. 


On curves. Clearances sh4>iild be incpcasrd to ajJc>w frrr* 
the ovp-rthrow of vehicles, and,lh(“ owtra overhang on tht» 
insidle of the curves, ducjto suptj /'levation# ^eo (fHiaptt'r IX. 




Absolute mininnun clearance tol * 

^ structures above plp-tfornr * ^ 

height, on passenger linos...|% G" 




Desirable 


ditto. 


...;5' 0"to rt)' 


Minimum clearance to struc-j 
turcs in Goods Yanis, suebj 
as to sides of Warehouse' 


doorwavs 


4'* IT 


Desirable 


ditto 


On curves add to above tbej 
versed sihe on a cBord of.. i 


... 1 4' r/'to 7' 0“ 

m 

40 ft. 


llo the inside of curves add the; 
super-elevation muliiplied 
by .f. 

• • 

Add for oscillation on curves ... 


3i 

1 " 


I V. 


Othci; clearances arc dealt‘with under “ Stnictui;^;'?. 

' * _ •• 

*. • 
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-ciupteh II. 


Headway. 

The cJcar iicifjht from tail Icbvl, iU'., fop of rail, to the* 
under8)(i(i of ti^siniciur^ ocrr tht-^fracli. (. 


-;- 1 -1- 

V 

r 


__ iL 

1 

‘ Usual. • 

1 

...lily. 

.■ “ — 

1. « < 
Absolute Miniinuiti 
. Pasit'jnger Lines 

. X' - ' " 

Headway pi! 

fL ins. 

U fj 

1 

( «" 

Desirable ditto 

*ditto . 

15 •;), 

1 

I 1 

Atisolute Minimum 

Headway *■ in 

1 

f 

1 


G^oods Yards*,.... 

k » 

-•—ti 

! 14 ' 0 

r 




Loading GiUge. 


The ouflnic with rf^pict io a banc line arrons Ihc top 
of the’‘i;<iils, bctjond ichivb no^'part of a vehicle or its load 
mmj project. 

J)iagninis of JcIh’ variMUs loadin;; ^lugcs iK uso on 

Brihisfi Uailwiivs \\ill l)t‘ found in llu* llailwav Yi*ar 
« 1. 

(ld*ii) and particulM's arc usuallv iuctudod in fho 
"to \Vorhint; Time ^rahh-s/’ 


• Tho u^ual widti'i of liritish fjoadin;^ (ranf^os is 9fi., 

« 

nuaajrh four ra'ilways Ivivi* a width of 9ft, dins., and tho 

\ ^ * ii 

<i.\V.R. width is Oft. Sins, for cortain lines. 'J’hi'se widths 
decrease at fch ■ iewer y)art • 

f 

J'higlish Loading ()aug<- heiglitn above rjiil level vary 
froiv ddfl. Oins. (three railjvyys) to Idft. ((l.E.R.). 

Jadglit is less on Sc(jttish Railways, tho lowest being 
l*2ft. 9^ins. on* Die, ^iighlaud Railways 

f 

. 'rho “Berne tJaiige-“ has been generally adopted on 
the S;!ontinent of Europe. Its'height is 14ft. OJki., rfhd 
width .lOft. 2ins. 

I. 
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MISOSLLANEOU^. 


Structure or dcnstruction* Gauge. * * 

• I * 

^ Thr nuilinc u’iUi 4'('ftf)(^ct loui line^ticross the top 
of the rni^si, iviihis which ^wy part of'a siruckure or object 
of fitf// tiimi nuitf cnrroa^-h. 


• -.1 

^largin or clearanoo betwee^jl • | 

Loiuling and Structure! 

.• Gauges;— • 

1 

At top ..*. 

9" 1 

• • • 1 

At side, al)Ove '*set off" for:' , 

• 

platrfonn.; 2 

i" to .2' 7" . 

• • 

At side, below “ set off ” for|* 

• 1 

i 

• iilatjfonn_•.j 

• 1 

4'« i 

* i 

1 

1 

Height of bottom lineof sk'uc-j. 

1 • 

1 

ture Jjsiuge above rail.! 

. i» . - - # 

• 


* Klectric;,conductor railH and water trougha are^enerally |xcepted. 


STRTJCTUBES. 



• • 


* shews wAene Clearance must he htkeM 
when the Watt has noeirerh^j^. 
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.PassangeBiPlatfoFiitfi. (Fig. 

Height (H on Fig.'ll.-l) 6f Plat^ 
fonA above rail, measured at, 
right' angles to a line across 
the tops of the tvwj rails of 
the tirfck*.,. '.. 


CledSiLaiice (G Fig. II.-l) from’outer 
edge of rail, to nore of platform 
coping, on straight road. 


Ditto on curves, add to ^ t " f 
Sh the versed sine on a chord of... 
, (This clearance measured 
to a line at right angle? to the 
8urlu.ee of the track rails.) 


3 ' 0 " 




40' 0" 


Overliang of coping from wall face V 0"* 

‘ ‘‘ ' i 

Cross fall, away from track, of 

coping ...'. 1 in 72 

‘ Eitto of pV. t/orrn behind coping | I in 36 

I 

("Nearest distarfee of pillars, etc., ^ i 
from edge of platform. 6' O' * ■ i 

"^JVidth, of piatfoinn, small stations 6^ 0"* , 

f 

Do.* , Do. large Do. * 12^ 0"* i 

1 " 

'inclinatibn of rapiped ends. 1 in * : 

I 

* B. of T. Re(iuirementa t Usual about 1 ft. 11 ins.' 

* • I l 

When a line at a platform changes directly from the 
straight to u sharp ‘ciirvc, tl^p txtni clearance necessary to 
the curved portioh', should be obtaihed by moving the wall 
line gradually away from thtf rail on the. straight. Care will 
be necessai^ to get an “eycablc" line on the coping ^ind 
still retain the correct alignment of the mils. A ftansition 
curve on the rails avoids this difliculty. 

^ t ' i 
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CHAPTER IL 


Water Treilgha. i] * ■* f. 

Height oi rim aboVe rail--- » 3" 
Height of water above rail... „ 2' ' 

' Gradient of track towards , 

of troughs ....t: .; 1 in 300 

Gradient? of t^^aigh at ends ^ 1 in* 192 


Engiifb Turntables. ! ' v 

Present standard ^diameter 65 0” 

‘Otlier diameters of tables 


in use 


Space between rim of table ^ I 

V. and an adjacent track* 9" 0 i 

‘ * * 1 i 

Wagon Tul’niables. ) i . ! 

Prosejit standard diameter! 13' 0" 

Either diameters'in use.; ‘ 

' I ! 

Engine Pits. . j ’ 

Width between sidewalls...! 3' 9" 

Depth of Pit liQor lielow rail!. 

level. “Tijside” j^it.,2' 2" to 2' 5”j 

j J^eifiih of Pitdloor bolow'rail '• i 

level, '(jutside” pit ...3' 0'to3' 3"i 
*■' j i 

Carriage Pits. i | 

Width betweensf^e walls...j 3' 9" ; 

•Depth of pit floor below rail! < i 

levbl. fSteam Stock. '2' 6" to 3' O'*! 

Depth of pit floor below rail •» i 

level.* Electric Stock 3' 4" I 

' , *■ V 

Overbridges. * ; 

Minimum clear span ov[ i 

opening for single line 13' 8” t j 

Desirable clear span' or j 

opening for single line ...L 15' 6" ‘ j 


t All tracks approaching a turatah'e should be laid straight for a lengtli 
adjacent to the table, equal to the diameter of the table. Thiti 
r straight fhust be in line with the table raijs when turned t^wardi^ it. 

i 4* 3' clearance; shonld not be used op new work. 

^1 C?. 2* clearance. 

ic 









MISCELLANEOUS. 


Usual. 


Overbridges—row! ^ 1 

Mill ini 11 A (ploar span or '. 

oi^nin^ for double line ...; 2-1' 10'^ + 

Desirable cleift’ spun orj 

openiuf^ for double lino ...■ 2r/ 0" ^ i 

^lininiftin clear spHn. or' ’ ^ 
openiii}* for four linos* 
with one 10" 0" space ol,' 2" + 
»• Dosiralilo ,<f!eai‘ span or 
openiiif* for four linesj 
■ \^ith one? 10" ij" S])ace ...j i)‘V fi" * 

Hiniimiin lieifdway .p! 14" (V' 

Posirahle headway .I 0" 

Width between parapets,; * 

Turnpike road . !.j llo" 0' ■ 

* Wiciftli het^'eon parapets,! * 

^ * Public carriiijje road .j 25" 0" ! 

Width hot ween jiafa])olia,| 

Private rf)ad . 1^" O'" ii 

^ Hei.ijht of parapets . 4" Or 11 

Underbridges. » 

. m 

•Headway.—Turnpike road, for 

centre 12 ft. of areh .■ 16" 0"^ ^1 

Public carria{?o road, foji , 

centre 10 ft. of arch .j, 15" ,0"' l! 

Private road, for centf o 9 ft. « 

of arch . 14" 0' 11 

. '. overtridges 

Heijjht of«parapets . 4" 6" il 

Desirable width between 
^ parapets, for single lino...I 16 6'"*' 

Desirable ^idth bet weep!, 

parapets, for double line...' 26" 6"" § 


+ 4'' 3* olearauce ; shoul^not be used ou new ^ork. 

§ 5' 1* clearance. * * 

II Minimum under Hallway Clauses Consolidation Ach, 1845, ai|d 
• subject to objection*by Boad Authorities. 

The bridge oi^ninga givenivare for straight tracks. 

^ 6' 2* cleafance. • 
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OHAPT EK It . 


, . T.BA41K. • » 

definitions rind, particiftars *of the varipus track 
, arrungcHie,n*Bj in whiih point!* and cilissings are nsed, 
’^rcffrenco should be nfade to.thc* elv»pters dealing f^ecially 
with them,* and siniilarly with regard to tlx,' switch and thci 
.cFosaing thclnselvos.. ^ * • 

1’lu!**coTnponent jjartf-; of the Iritck, such as rails, 
fastenings, ct<3.,"arp* dealt wilh in^Cha|iter III. ^ 


Flying ^Function. 

•1 Jvneiinn u Jicic^ihe Dann Ilond <>J a Jiranch [auc 
crosxrs fJie J'p Bfutd af a Mttin. or vice renta, overhead*,*to 
avoid tjiein croHnimj <01 the Irvc^ 


BurrtiSiring Junclion. * 

* * • • 

•.Is tt})OVii. Jbvt irJtnv^hr 1)ranrJi liiir panxcii andcnwath 

the main ' - * 


Loop. 


.'1 track co)tnrctrd of both ends to the faiine main rrnid, 
ii'liirh. it^ is used /o relieve. T.uops ma\ be classified as 
Passenger Punning Laops. (loods Running Loops, and 
Refuge J^oops. l^ut not*rass«-nger Lo('ps* must bo 

])r(jvifledj.wilh S.a^oty Points, see below. ^ , 

* *^iaee ff/r^Ti ^nain road signal b«.'tv\<‘eu the main and the 
loop, must be pr^)vided at the exit of the loop. In some 
e,a-5es space may also 1 k' required for a AvaU'r column. 

' t 

Refuge, Lay-by, Pasa^by, ot Reli^ Siding. 

A siiiiiuj^f(tr *ihc reception of trains, usually gonds% 
nhilnf other trains pans by on the ij^iain line. 

The length of such sidings is determined by the 
maximum liintiber of wagons in any train using the line, 
plus engine or engides and brake van. 


Ci^toh or Runaway Points. 

Trailing siritchcs inserted in a 
vehicles a<^cid?ntalhj running tback 
“Gradients.’’ f 


t 

main road to derail 
on an incline. See 


Safety or Trap Points and Ibldinge* See Chapter XXllI. 

^ I M ^ 


^Except Id certain caeec as may be ipeqiiired by the Ministry of 
Tra'isport. • 
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MISCELJ^ANSOns. 


, RLECTlllFlED. TRACK. 

• . • • e 

-■-1- V -;- 



■ k 

Usual.*® „ 

fl 

'1 

» 

.!. 1.. ► 

m 

Gauge ineastired between centre of : 

IT- 

• 

1 

horizontal contaret surface of < 4 pn-' 

1 


doctor,*positive, third, or live rail,, 

1 

^ # * , 


-and gauge line ol' nearest rail of!^ 

R. ins. ! 


track.. 

Yifirtical heightt. of contact surface; 
above plane of top of runTiing, 

1 

i 

1 


rails^ — ^ '■ 



(a) For top Contact rails'..i 

0 *3 


(b) „ under . 

m- • \ 

'0 l.| 

f * 


Overhead Clearancns : ' ! 



•J^etw^un uode^ide of live wire andi 

W 


toading gauge: -- ; 

c 


• (a) In the open . 

3 0 


(b) 9)hrough tunnels & bridges* 

«. 

0 10 


lictwoen any part of a*siruoti!|e ' 

.» 


and IV live wire. • 

# i 

o'*' 6 

• ! 

■*» 

i 

1 

i 


P.l'FFKlJ STOPS, 

Buffer Stop or Buffer Bjock. * 


0 r 

.4 stfruciinr ilrHinnai to utop vf’Jdch'a, thn buffvT ^ 
plungers oj irhich ronic^into conttirt iv'ith it. « * 

_ ___ V 


-«- 

irsnal. ■.Bly. 

• • •• 

Length of buffer beam . 

• ^ 

Height of centre of beCtn^above rail. 

ft. ins. j * • 

7 6 

• * ♦ 

3* 6 ' i 

1 


’^^heabdimengions, aui oiibers,'are as recommended for adoptioi? by 
the Advisory Committee np^n the Electrification of Kailways, in their 
Report to the |4inistry of Transport, dated June 30, 1921. 
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CHAPT EJl II __ 

Stop Blook. 

.4 fixed block lo ahJj.' vehicles f>ij cuntact u'ith their 
ii'heeh. - ' * 

n . ' ft. ins. 

Height, above'iTiil .i> . 1 O ' 

Ml*' 

• i» 

jSkotoh Block. 

.1 pivoted or hinged block which can he plt.eed across 
a rail to prevenf vehicles passing (i certain fndnt. 

‘ , ft. ins. 

^leiglit . (» 0 

(llfaraiiee froni^riiil wln-ii open ... "2 1 

Sketch,or Skid. 

ii |. « 

-1 loose block as abfive. 'Fhe Hand Shunting Skid is 
desig>¥('d for stopping wagons in gravitation yard.s, etc. See 
“ E iihvttj- " April 22nd, 1021. 


Sai^^ Dra^. 

.d dreier for providing a layer of saji'l on the' lop of a> 
rail, so that vehicles irill he n^ore^,or less gradually hronght 
to a stand, d’hesi' anj, sond'tiines provided in ponneedion 
with Runaway I’oints when- breali-aways are frequent. A 
short SiUiid Drag *.),»; , a hank of sand is sonudinies used 
instead ,of a Buffjr Stoj/; it has hei-n fe.nnd effective, and 
Je^^-'-rt.nnagingr rolling stock. See 'Railwa'y Gazette,” 
Octobir latli. 1020. 


DeraJler. 

,4 block irhirh may be moved on to the rail by a lever 
U'orked by the sighnlman, so lha) rdiirfes icill^be derailed 
if attempting to pa.^ wilhoai avihority. Sc<‘ Chjqiter 
XXlll. • / 


Chain Drag? ' ’ ^ • 

device by which a hook ntitjehed to a heavy chain is 
arranged to catch the axle of a moving wagon and so luring 
it^to a stand. First used uitiEdge Hill (L. <(■ X. \V. R.), 


" sighaLijng AR’UAXGEM j^nts. 


General Notes. 


« The designer of a lay-out should he conversant with 
the primary signalling requiroments,‘so that the flecessury 
spages between tracks to receive*' signal posts, and also 

20 ' 




MI8CBLI.ANE0US. 


suitable Jfiigtjis at points for locking bars, etc,, may be 
provided. A few ' ' * , 

cBnsultation with 
bo necessary. 

• t 

As a genefal 

the road W whil-h tlioy ri'for, and on the engine dviver’s left/ 
hand side as he appr*'ac‘hes j 

approaching any l^Jock l*ost, i.c.!.area worked from 
a* Signal JJox, tiu* first Slo]> Signal for thi‘ main n)ad is 
recipiirefl as soon as an_> olbei* track coimni'nces to *jbin it. 

■ d’his is n(jn/iall\ the Home Signal. It may,* if 
neces.sary, be pJaecal at the l’r)iiling pijint of the two roads, 
whieli is bakeii where I'tuy art' (iff. apart, rsually a safidy 
margin is allowt'd, ^md tlu* signed ])laeed srty, liOfl. byjforo 
lilt! fouling 4t 

•I * ^ , w < 

'Fhe next signal, in a simpji- arrangement, v^ill bo tlie 
Starting Signal, often placed an engine ji-ngtli pas-, the .tind 
tji a st:^ti( 1 n j>]alfofm. Ollit'r signal> which may he recjuiriid 
art‘,,l.he Inner and Outer Homes and the Advanced Starling, 
the latter being placed a frain* lenglji lu'vond the last* set 
•of points. ^ •* 


iKAgs TOf guioanee will jDe given,^ out 
,thc Sign^illing ]Jemirtinent,,w'ili always 

j * 

,rule, signals should ho placed adiacefJt to 


•I'he l)istaut Signal, 
l,() 0 () \ardsdVom llitihox, 
na-gts f(jr its recejition 


placed alVvariOus distances up to 
will seldom n»'e(r,s])( cial drranj'y- 


Kach track joining a main must have a' sigual to eontrbl 
trains passing on the main. W’herti tin* jtjining lint' is 
TK.t a main or passenger line, a (Iround or Disc Signal inay 
be ust:d for ibis purpose, nhough Sitlinggt,and (io^ds Hoop 
t'xits are offt'ii provided with t)rdinary signtil.*!; of a small 
si/.i'. • t. 

*l'\)r ihe spaces retpiired for various sigmas,, see uiidvr 
■“ Spaces. ’ Special spaces nectl not btvt jirovidovl for Disc 
Signals as they are so (^instructed ns to be clear when 
placc«l in a lift, spact;. 


Fadng Points. 

Poinfts on rutniing roads wh^'h are «scS to divert trains 
travrUinij in their normal direction. ^ 

'1 he Tioard of 'Prado Rules provide that Facing Points 
must be avoided wdierever possible, and be placed os utar 
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CHAPTER U, 


' I 

as practicable to the levers working- their, thu limiting 
flistaiice being 2CK) yard.j, tho'igh r'KK) yards is sanctioned 
for'power worked nornts, !,’pd ‘2r)(> vj rds undtT certain 
conditions, lor inam/ttl worked points. 

Where Facing Points occur, a signal is needed with 
arms for each direction. By J^oard of Trade Rules a locking 
bar or Oracle circuit, at '7eaHt equal in length to the longest 
distance, betweeio centn'S of wheels'of any ycdiicle on the- 
line, .'mist be provided. The signal in such cjisc's must be 
placed so as to stop a train clear of thi- bar. If a crossover 
occurs just before reaching the facing points, the signal will 
generally be fixed at the comiiiencoinent (jf the crossover. 

tV minimum distance bctwei-n facing and trailing points 
sho'tlld net be encroached upon in ordiT that tip* standard 
lofckin^ bai 'inay be "(fxi'd clear of the switches. This 
distance should allow for a' stjjck h'ligth of rail bc'tween the 
st'o\vk rail jf)ints. Flocking bars nuiy be lined on tb(' swit'vilies 
but this should be avoided wherever possible. 



- , ... j 

Usual 

.Rly. 

Cl 

1. '■ 

ft. 

ins. 


Length of fodkiug bar. , 

40 

0 1 

i 

•1 . * ^ 

"Minimum distance between facinj.1 


i 


and trailing points .1 

1 

45 

6 ' 



Trailing, Points. ‘ 

V l^oints uv rannituj lines other than Facing Points. ' The 
Board of Trade ’imit of distance from tbe levers is HOO 
yards, including points of Safety. Traps to Goods Sidings. 

I < 

Ground Points. 

Point8,nbt worked front »Signal Cabin or Lever Frame, 
and therefore riot situated on the running lines or gwhig 
access thereto. S\ich points are worked by a Ground Point 
Lever, alko known as a Hand or Dipnmy Lever. Acc^irding 
to their mechanism, the lGvei;s may be designated as 
Ttvnbler Levers or 8prihg Levers. , 
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MISCELLANgOUB. 

1 

Ground Frame. 

A frame of point ami signal leiets with no signalman in 
regular attc^idancci ^ Those aro^lised tojwork points 

anti signals whioh art' boyond tho Boi^d of Trhde distance- 
from a ISfgnal Box. 


GRADIENTS and VERTICAL MEASUREMENTS. 

Dgituin. ' % j ’ 

.1 level line or level plane io which all heights or depths 
under consideration, are referred. ' 

IjOvoIs in Eritiiin ajiv usnylly givi ii in and dooinnils 
above* Ordtianco Datum (O.D.j. dhus, if iavo spots are 
iuitrki*d on a plan a^ ‘2b8-.54 and i28ti-l(). tho iaUor spot,■^•ill 
be I’i-OSfl.f or lin. below llu' Nriner. 


m 

* 


Gradient. „ . ^ <> 

» e' 

Thl rate at which the .surface nj a niilici.if or rood 
ascejuh or descends in il.'i hmii'j. x 

• Tn J3ritisli railwae ]ir:iotieo, a #,ra<lient- of I iVi 
ine.ias that there is it difference in the.b'.el of the railwav 
of fjno, unit in a horizonlitl distiince or 
as f'lr example ] foolMn lot) feet. 


JoO of Ihc' siiine..units , 


In some, other etaintries the gfiidient -s referrt'd T*) :“s 
so much per cent , or somtjtimes as so iniiny feet per mile. 

, I 

'J'he importiiTicu tif avoiding stx'cp gradients is ovitlent, 
<'sj)eoiidly whx'n we, rememoer that in ni.diing tho-iiscent, 
the frttetion (jf the weight of Llio train ^yhich is'addtul to the 
rcsiataiico the engine has ‘to overcome is the same as the 
rate tjf tho ffradient. j. 

f* 

Tho resistance to be overcome on tla^ levc‘1 varies, but' 
if wo take it for example, vis 12 lbs. per ton, or of the 

train ^Veiglil, we see that a gradient of 1 in 187 will doublt; > 
the pxdling force required. 

It has liecn asaiiincc][ thdt pwhen a Irain^ tyseending a 
gradient steeper than 1 id 2(10 is brought t?) a stand, there 
is a danger of it running baci^. Hence the Board of 
Trade Rule that no station shall be conetriicted * 01 - siding 
join ft pas&huger line on^'a gradient steeper than this, unless 
it is unavoidably necessary'. Where this cannot be avoided. 

■ 23 



CHAPTER II. 

^ - r ' ' - . - 

ri ,c(itc!i siding or points must bo piwidod, at n disttince 
groator-th.iii the longest i tr a in Jon g^i of any train standing 
^viih its ongjno outsij,U! of tlio^ljpriio stgns^l. 

GraTitation Gradient. 

• t 

, III M irslialling and Sorting Yards, and sorm-liinos in 
othor cases, such as in Shunting X.'ck^' or Reception Sidings 
feoding‘'"a CJoods Yard,'"wagons are desired to move by 
gravity on the.. brak(fs ludiig. released. d’he nece.ssar\ 
Gxivifiilitni (irarlinii is :> matter for can'ful eonsid(‘ralion 
in eaeli case. Factors to bi' taken into account are the. 
length of the gradiem, tla' fioint tlu' w^igons must roach, 
the type of axle box('s, the prevailing winds, I'tc. I'sually. 
wagons of all kinds will run oil a gmdient of 1 in lOO on a 
straight road wjtliout ao<juiring too gre.o a ‘-peed 

curves, ike gradient must i)e ,steepin' to allow for 
tile rei^istancei of the <‘(n‘\es (st(,> below;. 

Where wagi'iis are pushed over a “ Hump ” or “ Kij) ” 
thV'same remarks‘.ippl\. .l. ’* 

Till' vertical curves (see below), should geiieralK he 
slioi't at the top of gravitation 'gradients, and long at the 
bottom, so that wagoiis may start iiuickly and eonie to rest 
slowly. 

At tlu‘ top* of a h'uuip, a short stretch of le\el track 
i?,'Ts.i>Tiietiiui s pyo\i<ieil. to receive tla 'engine after the last 
wagon is n 'leased 

s 

t ^ 

Compensation on Gradients for Curvature. 

Jt reiiuires more foree to })ull a train on a curve than 
on the straight, ifrid when planning new railways it is usual 
to couipcnudir gradiculfi for rurralurr. 

This broadly, means that the gradient is rivluced wliere 
chrves occfur upon it so that the engine fipll required will 
ho llie same on tlH* curve as on the straight. 

Tn America the practice i.s ‘to reduce the gradii;nt hy 
•03 to ‘Oo for each degree of the curve, but in this country 
there is little opportunity for such rofinoment. 

Tn compensation profcloihs, ^^it will bo advisable to 
transpose the lHurvc and Cir.adient into the American 
methods of measurement. '^The Degree of the curve may ho 
attained Hs shown in Chapter IX. pr from I’ahle 11,^ The 
gradient is expressed as so much per cent., thus:—1 in 8(> 
wifMld be UX)-r80--l-25‘?{',. 

24 '* ' 



’ ■ ■ ' MISCELLANEOUS. 

^ In gravitation yards, c^impt'rJsrition must be allowed 
f(jr curves fti a roAicfse manv^^r, that the p'/r^entage of 
eon 3 pei\sfiti(jn must be addoil. to th| ruling) gravitation* 
gradi('iii (expre.ised as a f)iTceiit'hge) for the straight roads. 

At^Lostoek Sidings (L. it X. \V. It.), the gradients are' 
1 in 100 on th'* .straiglit, and 1 in C'' <jn the 10 Chai*^, curve, 

' o a » 

Vertical Cumre or Transition^ Gradientv 



jl cui'i'c in f/p’ I'fiiicul }ihnie In r/inlcr llic cha"j(' 
hiilirt'ni lif-n (jnxUrntH yrndmil. 

Sciontitic metlnxls ol di 'ennining such transition • 
f^radieiits have been f)ropos(*d. but iri^practice it is usually 
suHioient to round off the angle’ formed by thi’ intersecting 
gradient lines with a circular curve. \ Ttie following method 
.«d‘ procedure*may bet adopted, which lujwever antieipnter 
sevc;-al rules given in later chapters. 

Iteferring'to I'igs. U.—2 and 3: — 

Jst. .Mark off tile intersection point B of the two 
gradients I in M and 1 in X." 

\ 

2iid. C?i<s>se the di'plli V which ma\ be conveniently 
rounded off, and mark point K. 

3rd. Obtain the angle 1 in 8, which is the sum of 
auglen I in jM and I in X. 

M < \* 

S~ i -.—-*+— (IS per Kule XJl.—24. 

M + X * 

4th. t)l)taiu distances D^ffom intei>j.’ctioii point B to 
ends of vertici.r curve,* A and C. j 

D = 2V X 2S (Approjc.) 

or D = 4 X V X S Rule II, —1. ^ 


* When both gradients fall in the same direction, the flatter gradient, 
being 1 in M, i;fheu S = M x N -J- (M - N). When the flatter 
gradient becomes level, S N. 
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cnAPi;ER ri.__,_ 

Inturmocliato points? in 'Jic 'ourvo may bi* set ^by 
quartering-> thus:—^Aring orruSght a Miie A E'and at its. 
centre set t'ne pointy/'’ at j of V above the lino. Siiyiilarly 
lix •■poiut'G. 

* ' " f 

Otherwise wc may fix pegs at./I F B G and C, aU at the 
gradioiN, line, and stale that the rails must -be V' l)oIow 
peg B and i V' bolow' pegs F and 


T'his applies where tlio gradients form a “ summit ” as 
iu Fig. 2. Where th(\y form a “sag” as in Fig. .‘i, (ho 
w'drds “ above ” and *“ below',” in the explanation, mi;at bo 
reversed. 

j 1 1 





Exami'I.k. —A gradient of 1 in mec'ta a gradient of 1 
in 100 at a summit. An imaerbridge at the suminii will 
allow' 'he “ peak ” to be lowered Gins,; it is re,quired to set 
6 ptfinls in tiiw vertical curve. 


Isfc. p_ 5Q X 10 0 
50 4- 100 
_r)p(K) 

. '150 


2nd. D--1 x()"x3ai 
==061^' 


3r5.«At CiGft. Bins, cn either side of the peak 71, set 
pegs A find 0 on th(« gradient line. At the peak 
set a peg runs'*, below' gradient level, and 33ft. 
4ins. on either side of.ihe peak set pegi" ^ of 
Gins. = l|ins., below* gradient line. 

\ ^ ' s. 

^^uper-elevatitm. See Chapfer IX. 
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MISCELtANEOUS. 


ROLLlNii STOCK, 

A knowJc'clge 6f certain (^imensi^^l^^ of the vehicles ‘ 

i V ^ 

tiding the tracks is. often necessary to the pennaucnt way 
Avorker. Below are given rletinitions and fliinonsions which 
will be found useful: — 


Totai. WriKKr. IJvsj-; 


... J/ength be'tvveen eeutro of first 
and last wlu'els of a vehieic. 


Ptioii) WiJKKL B.4SF ... Ijcngtli between eentri'S of the 

lirst and last wheels of a set 
whk'h an^ fixe'd with their nxJos 
-- at right angles to a rigid frame. 

Jio(iiK 'ruccK.A I'ranic with four or.six wheols 

wliieli./is pivoted in the centre by 
a “ King BoK ” t<i the m \‘n 
iranie of a, vcliiele, so that it 
ir ed not lie in the same line as 
Uie main frbme in taking eurvos. 
rill- Bogie;' in addition to the 
pivotal utoAetnent, has soiiie- 
4- limes a lateral nu/vement oodily 

PoNV rureiv .Sometimes ealle<l a twfj-wheeled 

truck. A frame with two wheels 
which is [)ivotod at the end' of A 
b-ir, the pivotal point not lying 
' on the axle lino. 


C'e.ntres of BotJi?:s ... Length between centrog, of two 
. ’ ^ bogie trucks of a ve^’icle 

Badiai. Axlk Boxes ... Axle boxes which allow the ends 

of an axle to move so that it 
need n'')t lie at right angles to 
the frame when on a curved road. 

I 

Headstock . The h'lcmber ac’-oss the end of 

the fronie of a vehicle, which 
receives the longitudinal framing 
and “sole-bars," and which 
takes the “ BuflFing and Draw 
Oear.” 
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CHAPTER ir. 


Coaching! 

Stock I < 

{EleErlo).| 


I'Kual' Usual U'.sui4 ' Usual 



Length to' be ^ftllpwei^ . ' i I ! ‘ i 

in computing staiidiirg i' I ^ ' 

room . 60 0 37 ' O' 165 ol ‘h 0 ' 

. ‘k'- ' fl wha'l 1 ! ' ! 


Height of floor above ! [ i j ] 

raille^el (unloaded).. 4 1 | 4* 3 C i i 

HeigHi/ of centre of | | ! ' 

buffers above rail level , ; 1 ; i I 

(unloaded) . 3 6 . 3 6 3 Oj 36 ' 

I I : 

WhUt, ceiii^re to centre. I * 

ofbuflfeiK. f 0 9 .1 H i .j 5 X 1 

^ I , ' I 

Size of. buffer face (dia. ‘ I ' 

or oval). IM ; 1 1 18'X 0*121 

» ii ivlie'l 1^* 1 

IlS'.x 

: 12- 1 

Di? mete/’of wheels on 

tread (when new;'.Vary ,3 6 3 6 | 8 1, 

i I I I 

Distance back to back | ! | 

of tyres .4 4 TiJ I 4 4^ 5^' \ 

i . I 

Width overall of tyre^.. 0 5^ | 0 ? 0 6 0 5 

Depth of flange from 
centre of tr^d (when 

new). 0 4 0 4(5 0 » 

Depth of flange froiL 
centre of tread (when 

worn) . 0 0 0 0 

Inclination of-tyre tread 1 

with the horizautal 1 in 1 in 1 in 1 in 
^ 20 cl ^0 20 20 


Oyior notes concerning Rolling Stock are included in Chapter IX- 

V I . 
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CHAPTER in.—COMPONElfT PARTS. 


CHAPTER DI. 


DIMKN’SIONS' OF (X)MJ\'NENT PAETSyOF 

1‘khmaxj<:nt wav.-, • * 

This (■lia])t(‘r i'^ intfiidjd ' for r('l\‘rcni'o a.s lO Uh- 
partic iiliii's of tlio coniponent })rtrts of tin* trsu-k. The Switih 
and the Orossiii" will not he included, these heinj; dealt 
witli separately in otncr cliapfers. 

'I’he Msual dimensions arlfjpted are »:*ve.n wheve pospible. 
blank s])act‘s hein*.;^ providi'd so that dimensions ol)taining 
inj:he ]':i]dicular ^)racli<-e tlu' r(‘ad(*i' U concerned• with lyay 
•l)e insiM'U'd Wlw'ii the inforinatinn is thus l■nJnpleted, it 
wiir enable a selection to !)e made from the available \‘ails. 
r-haii's. etc., such as t\ill most cfVicientlv ami ecnn )micallv 

• I' 

fulfil various [)urposes. It will also h; m a irnido to the 
s]>aces req«in‘d in tinihoring, cliairinf?. cP-. 



EARTHWOEKS. 

Width of cutting at 2^ 0" below 
rail le^el for two timm linos 

of way with 6 ft. si)ace. 

Width of emllankment at 2' 0" 
below rail level for tw) main 
dines of way, with 6 ft. space 
Inclination of slopes foi 

ordinary ground. 

Depth of formation at centre, 

below rail level . 

Depth of formation at side, 

' '^eloiv rail level . 

Depth of formation required for 
crossing-timbers. 



2ft 











CHAPTER HI. 




BALLAST.' ' . 

r 

'Bottom bailaat, tliiokness .i 

0' 9" 

Bottom l)alkisfcs wxdth for one. 

line.'..' 

11' 0" 

( 1 

Bottom ballast, cu))ic vards re-j 

quired per lineal yard ol] 


single track .. 

1 

■92 

I 

Top*- ballast, level of STirfaco ...! 

* ■< . ' 

Top of Sleeper 

Top ballast.'distance of to’) edgel 

from^iTail.' 

•'T i 

3' 3" 

1 

Top ballast, cubic yards required: 

.per lineal yard of sin{,lel 

1 

track (deducting sleepers)...; 

1-11 

' DIZAINS. 

Distance of centre of pipe side 
y drain from rail" vvliere width 

allows. 

5' 0" 

i 

Depth of invert of pipe side} 

■ 

drain bfiiow rail, wherej 
gradient of drain may bei 

made same as that of railway 

3' 9" 

Distance apart of c*jitch pits .... 

00 vards ^ 

V 

* This allows of cleaning by-rods. 


rnside size gf catch pits. 

f 

S' X 2' 

P 

; 

Sleepers, ordinary,, size. 

19' X 10" X .5' 

Do. joint,. Do.j 

I9.' X 12" X 5' 


t Somt nov vi,e «leepera 8' 6* Hoag* 











CftMAON’BNT PAllTS. 


•; ' Visual, 

fi# • » • 


^lAEVEB%~-C07ki7nT€d. * • 

Distanco apaA of joint^SIoepers, 

centre Jio centre ... *.; ^^2' O ' 

Joint sleeper to next 'sleeper, • • 

centre tti centre.• ... 

Between next two sleepers 2' tU"—2' 7" j 

Normal distance apart of sleep- i 

•ers, centre tp‘centre.2' Oi'—2' 9" ; 

Normal number of sleejjers to *1 

30 ft? rail . -...j 11 to 

Normal number of sleepers to a ' , 

4o ft? rail . %17 to 18 

Normal number of sleepert to ^ 

60ft. rail *.j 23 to 24 I 

iJfumbAfcof extra .sleepers to a' 45 ft. rflils :— i 

, .ft. rail on sharj^ cugvea! 2 to 3 

Do. Do. in tunnels ^ 2 to 3 | 

Do. * Do. at w’aier ; 

• trouf^is 2 t(^ 

Crossing ^timbers, breadth and • • j 

depth. •.. 14" X 7" \ y 

Cl'ossing timbers, to switches, 9' incre^asing I 

length. to 10^ I 

Crossing timbers, to carry • j 

ground lever, length.■ *12^ 6" 

Crossing timbers, under n9se of, , 

crosliing in ordinary turnout,! , * ! 

length. '.. 14" 0" i 

Cuossing timbm’s, to carry two 

roads with o ft. space, length! 20" 
^longitudinal sleei^ers, breadth| I 

^nd depth.T. l' 6" X 8" 

Longitudinal sleepers, breadth • 
and depth, to receive check 
chairs. l" 9"*9<8"* 


1" 6" X 8" 










CHAPTER III. 

Principles in Timbering Points and Groesings. 

In, the timbftrini^ of iimf .crossing “work the 

desiderata.'dre as follows;— 

c 

1. No rail bearing must seriously exceed that allowed l:)y 
the^ normal spacing of sleepers in the plain^line. In 
^Tifficult cas«!H ob.i’ction neorl fiot usually be taken to 
a' rail Waning of Mft. (centre fa centre of c-hairs), nur 
to one of 2ft. (iins. at a joint. 

. 2 Space sliould be allowed between timbers for packing 

hall.ist. 


‘3. 


Opposite chairs under rails (.1 the same track should 
rest on the same tindv.r. 


4. All ctiair faf.tenings should be accej|sible. 

5, Exeeptionally long timbers shoukl be avoidofl, as thi\y 
l''rid«to ditbculty in repairs. 

(). Thfough channels shoulil be allowed where required 
for point rods. ■ 


e 

. ’ C’HAIKS. (Figs 111 , I to 17.) 

*” 4 

Tl'e followhig table, with the .liagrams, when com- 
j.loted in ace^i'lance with the practice Concerned, will show 
the types of chairs.provided, tbeir purposes, and the s[)aces 
Cf'cupied by tbern. 

The dotted outlines ■'how the nearest possibi'' positions 
of adjacent rails to the chairs. Suelj positions should be 
avoided wherpvnr'-possible, the chairs being selected, and 
the alignment arranged, so that all fastenings are accessible. 

I 

L" Length of base of chair, over all. 

' L ^ 

B —likcfadth of base of chair, over all. 

U, V, W, X, Y, Z = Widths from gauge line of rail, 
Oi’cupied by chairs under various conditions 

F - Flange-way between two rails. 

E = Elfevaticn of check x'ail. 

S = Spread between gauge hues of a crossing at the 
centre of the chair. Tliis dimension is dealt w'ith 
in Chapter XU. 

With regard to any particular chair, only those dimen- 
sioi^s marked upon its diagram need be inserted in the 
table. « 
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COMPONENT PAUTS. 


Cant of Rails with 


tlie verticai^ 


liunnirif? rjiils . 

8to(‘k mils smd sn’tchcs . 

Crossing legs .. 

Wing mils iilongsido i-rossing 
('lieidi mils . 


'Usual. .RIy, 

1 ]Tr20 ... 

11 ■ • • ^ 


Vertical ... 




B 


33 













34 



•g i ^ 

5 I _ 



! «i 

I I. 


•sqi 

iq3!0A\' . 

Ddx^L : • 

liopno^ . 

I ^ 


" A ^ 

cd 

■ 0/ ^ 

: > 

■ JU Oi 

: fc 's 

' f & 

, r|3 ft 

bo ^ 

® ® 


C-J 

pH «« 


Sm • 


«•» 

’O 

«■- 
3 O 

IL. & 

pS.s 


bO V 

2 € 


Ui 3 Q 

-■^ ’a S 

1 ^ 

.3 *' 05 

:c -M g 
nj 58 ■ 
. i- « 
>* 

M pO 

i 
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CHAPTEIl III. 











• • • 



For further particular'! and positions of Grossing Chairs see Chapter XII. • Also lt^ed as Diamond No. 1 on*.Rly- 
















































For positions of Switch Chairs see Chapter XI. For ix)sitions of Three-thrqjiv Chaits see Chajiter XYIIl. 











•COMPONEKT PARTS.. 



CHAIE %CKYS. 


,--•-r- 


• 


—V *— 


Plain line. 

dOrossingu. 

• 

• 


. . J# “ 

Hail Section 

• 

.lbs. 

1 

.■ ibsri 


• 

m . 

i 

• . 

# 1 


i 

« 




Length. «. . 

• 



• 

1 

m 


Thickness thin end, for new 





work . 

• 


t 



Thickness thick end, foi*new 



m 

• 

4 

wbrk . 




■ 

/Thickness t|jin end, for re- 



• • 


pairs . 



• 


^hickness thick end, for re- 





paire . ! 

• 




■■ - m,m 


L_-• 


1 1 


•• 

• RAH^S. 


^ l^e leading dirtiensions of Railway Rail 'Section#, as 
standardised by the T^sitish .Engineering Standards Asso- 
ciation, a* given in Tables 49, 50, and 51. ^ 
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BAIL SBCTfONS IN U.SE. 

- ' — - 

* I Date j Section. 

, ^ c, /|ntrodncefljlbs. per yd. 


ti * 

Bail Section for iniporcan^ main lines, 


Ditto 


socpfnclary, ditto 


]!»itto sidings, where ne^^' material 

is requinad . 

Ditto tunnels. 


Ditto < water troughs 


Ditto' . . viaducts witn longitudinal 

sleepers..!. 

J^itttf engine pits . •- 

Ditto ' carriage pits .....«. 

Ditto travelling'cranes . 


Ditto eleutric positive, third, or 

tlive rail. 

Ditto electric negative, fourth, or| 

rotiirn rail. 


II 


J.ENGTH.S OE BAILS. 



Standard length 


Ot-her stock lengths 


Short lengths, for inner rail oi 

curves .^ 

Long lengths for crossing 
(*)ridge8 :. 


The B.E. Standards Association lecommeud the following 
standard normal lengths of rails: ^0, 36, 46, or 60 I^et. 
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COMPOXEiJT PARTB. 

-j——---— 


The Measuremeiit of Cross SeQ|;ion of Ralls In ifa Road. . 

M a “ • 


This^ is often Set-essary Vf give information os to the 
wear, etc. For a'l^sr-ription of various appliajFi<*s for. the 
p«fpo»e, roferon<*(| ^riiiy be nnhlo *to ii paper by A. E. 
Ijangley ill the " Permanent Wa^ Iiistifiition Journal," Tol. 
.‘} 8 , Parf ir. * ' ■ • ‘ 


The rnetluKl of talking reliabV' eros^-seetihns^ of the rails 
• is preferable to the <umBorsonie*an(l (?\'pensivu praetiee of 
weighing tile J'ails, proviiliTd that notes are made ns to 
" chair gall " and indontatimi by fmhplates. etc. , 


PAILtlOTN'TS AND FISIL PhATK!:^. 

Expansion Spaces. 

^ Expansion s^ace.s, depending in aniounl ^ipoii tlie 
tt‘m]n^1iture of rails when being laidT innst be left af the 
jniints, s(j that wlh'u (lu'*rail^ e.xpand owing to extremely 
hot wearier, there ma\ still he agsrnall space between the 
rail ends, such as 38ft. orMnlt. rails, and'iin for 

tlOft rails. 

^ A rail free tn expand and eontraet wil*! alt<‘r 

part of its length with each degree Fahrenheit differenee in 

temperature, thus a ‘iOft. rail would altei' {in. nndeS a 

range of»tcmperatiire of PKl degrees. * As there are practical 

considerations, one being that tlie rails are partially fixed. 

tables tof expansion spaces in use are fiot *piite hi beeping *■ 

with these figures. A table whielf has been veeoniinendecl* 

. . . ® , , • . • • 
f«>r use IS given below. 

On some railways a thermometcT, which is inserted 
’into a ])iece of rail, is jirovidpd. This is laid on the ground, 
aiffl indicates the temperature and the exiiansion space to 
be allowed on the particular work in jirogress. • 

When ra'ils are hejng laid, iron oxp»insion gauges of the 
correct thickness sho*iM be ]^laced in tlie joints, and kept 
in ])osition until the fishplates are bolted up. 

• 

In tunnels, where ,the range of temperature is small, 
about one^half of the uSual expan.sion apace may be allowed.. 
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Table of Expansion Spaees}. 

^ _____ 


Kill’, of Day. 


k (' ‘V Expansion space 

I Temperatur^!---,- 

Fahrenheit/ Uq ft.j 45 ft., UO.ft. 

' I*rail. I t^iiil. i mil. 


' ■ i \ ' Ins. 1 ins. I tns. j 

Hot giniuuer day with»^tlie| ‘ : 

sun slnnKig oiiillie raili 119'’to 1*27 ’! i« ! jV, 

*■ ' ! . I I 


1 I I 

H 


I ! 


, Sprtiig or autumn day withj 
tlie sun sinning on, the 


Hot siimiT^er day,but with- 
fut sunshine .. 


97" to 101 

» » 

> , 
S » 

1 

H 

; 1 

i '* 

t 

t 

; 75'’ to 84“' 

•.i ■ 

1 I'l 

1 j 

1 i: 

H 

, ■ 

19' to 58 

1 

1 

1 ' 
*■ ■! 

1 4’. 

i 1 

I J 

1 *1 * 

to IK) 

'.1 a ' 

1 

S 

0 

1 

10’ to ir 

1 

nii 1 

7 

1 ti 

" i 1 

i 1 *» 


FIC. m- 18. 


-n ■ 

V 


1 1 




C-***-— B -- -**•-—>**- — B —«* C 




-i+)-©-1 


I I 






e. 














COMPONENT PABTS. 


Fishplate Dimensions, Bull-Hjad Rails. 


V • 1 < British 


;13ritish Staiiftard 
I Fishplates, 
Report No. 4€* 

' «,] line 1019. 

Rail Sei-lion. ^ 
7.1 tO to 100 


« 

rj(3ngth. 


• 

• 

S^ee I’ig. 1* 
.•.\ 

ibs. 

• 

• 

ins. 

IS ■ 

lbs. 

• • 

ITlft. 

\H 

Depth, over 

ay*. 

• 

7.' ; 


Centres of holt holes 

• • 

in plates ... H 

4 " 

4h 

Ditto 

• 

ditto 

... C 

• 

9 

2 

Ditto 

dil (() 

. . .,A> 

0 

if • 

^entre.of l)ol!> hotes in rails . 11 

•a 

ii , 

-l!- 

.Ditto 

ditto 


1 

■Jh 1 

2 ;' 

Ditto • 

ditto 

. ]'• 

• 1 


x 

s’ 

in plates 

.:.H 

J 1 

• « 1* ! 

J • 

Ditto 

vai^s 

« 

. L 

1 * 

1 Ml 

J.s'' 

l)itto 

ditto 

. L 

u:.' 

r . 

1 7‘.. i 

Ditto 

ditto 

. M 

.1 

1.7-. 


Diiinietcr of drill for liol^s made on 

site. f .j 

Diameter of fishbolt .1* 

9 j 

♦.enj^th of fvi ibolt, not including' 

liead . 


Total allowance for ex]v^nsion . 


h* 

l^tto ditto , _ 

.. 31 

■ -v 

Weight per pair in Ihs.^. 

.! 2Gi' 

mi 


* For rails up tolfS ft. I9ng. 
t For rails a^ove 45 ft. long. . 

i Excepting 80 lbs wliich are 29i lbs. per pair. 
§ Ditto. * ditto' ills. 


















CHAPTER HI. 


Fishplates fDimenBions, Flat-Bottpm Ralls. 


■nil 


British fStiandMrd |* 

■ 4-hole Bishplates.* ' 
R epoyt.^t t^e, 191^9. « 

Bj^il Section. 

Mto^Of 45'to I 80to * 
lbs. 75 Ibs.'lOOlbs, 


^ * .Gee Fit; 

18i 

ins. * 1 ins. 

ins. j 


Le:^th .i. 

■ 

't 

14 ! 16 

18* 1 i 

1 

■ 1 


Centre of bolt boles io plates, 


.1 ! 


and rails . 

. 13 
( 1 

3*; 4‘ 

» ' 

. 4i ! 

i 1 


Centre of holes in, plates . 

f 

1 

. C 

u % 

2i • 

' 


1 

Centre of ljio)e3 in rails 

. E, 
I J 

u n 

t 

2i , i 

1 1 


piainettr of fishbolt . 

# « 

htoll ii t# ^ 

! 1 

ft to 1, . ; 

1 1 



^ There are also B'.S. 6*aoIe Fishplates. 


, < ■ c 

The inlorniatiun in tlio above two tablo-j is oxtriictcd 

« f , f 

by ponnis.sion ot^ thV 15>itish Enginoorirify Standards Asso- 

#• I 

ciftioh ti'om tJiQjlr Report No. 47, 1919, Cteel Fishplates for 
Hull-head and Flat-L'ottoni Railwav Rails; offiidal copies of 
which can be obtained from the Secretary of the Association, 
28. Victoria. Street, '\Vest.minster, S.W. 1. Pricfe Is. 2d. 
.post free^ , f 


‘ ' CRANKED 'FISHPLATES. 

" Oanked fTsfipl^^tes are ma.<le for connecting worn to 
ntiw 7’ails, also rails of different sections. Tf the rail hoadn 
are of different widths, side (iranking is necessary, and t'^he 
plates must be in pairs of one right and one left hand. 
Insulated fr.ihp* ates 'are use<.lt af the extremities of a track 
circuit. ‘ *' 








I CHAPTEB IV.—^MATlIEMATIpAlii CAl^CULATIOK. 


IV. ■ 


in 


• MATHiaU^’ICAr. CA;^.CtTLATION. ’ 

A siinfilc (ixpliiinitipii will now*b<“ mvtn of ih(‘ ftirithe- 
fiticjjl km^wit'clgc! necf'S'^ary to wiuli^r.sViud the »U'viviition 
Tiiid cinployiiH'nt of llic- rulos s(^ forlli in tin.’ folU)j|\iiig 
olijiptors. The t'xplan:itif>n ‘will servo to indicato to the 
sttidiTit the rang(i of inarheinatical knowledge rcajuirod, ayd 
at fch(3 same time refresh the nieinorv of those whose studies 
havi’ pre^viously covereefthis fflibjc’ci. ^ 

J’lli'ineiilarv indents should suppleiflont lift* notes by 
the study of a text l)()Ok on L’raetionl Matheiuatics,” 
preh'raidy one of a ii(ode;'n type« * 


• • 


ARITllMl-Tir.. 

Signs. , ^ ' 

Js read as “ ‘,1 plus 0 ” and moans “ to b adtl 0.” 

0-0 is read as “0 initius tW’and means “ rroin 9 
d('(Iuet G.” ^ • * * 

9... G*i,'. read ay ‘'9 multi])lie(l hy (i. ” • , ^ 

9-;-G is read as “9 dividi’d by G” and also as “0 
uverG.” * • • 

-- ,is n ad as “e(juals.” • 

is re ad as “ thyefore.'^ 

■|=»J is reaTl as "9 over 6 equals J? o\'^r '2 ’‘and is a 
way of expressing proporfion. ^ 

9 : G3 is read as “0 is to G as 3 is to 2 ” and is 
anolner way of expressing prgporfioi r * 

9-^ signilies “ 9 squii^('d '' and cqu.als 9x9=81. 

•^'9 signifies the square root of 9. 

• • 

Brackets thus ( ), mean that quantities within them 

must be taken together, and worked oift befSrg adding to or 
multiplying by, etc.,**q\iantities outside of the brackets, 
thus:— • 

7x(4+«-2) = 7x8=56. 

8-(4 + G-,2) = 8t8 = 0. 

• v/il24-7-3)^Vi6=--4. 
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CIIAPTKR it. 


Tlic lilSit, howL'ver,!is ^oDerally wmtten thus; — 

. /il'+T- 3 ^ ^ ' I. 

' * 'f. j\ 

Wlion tliorc .‘irt> if') hf-fickots thp vi^^ratioijs of Hi:iuftring 
uifd ('xtracting squliri’ roots must l)i‘ dono first, then the , 
' multiplyi'tifi; and dividing, and lastly the addrtion and 
bubtrivdion. thus-— i , 

-7x330*.-2 
- 21 + ]H 
= 30.. 


Fractions. « 

I is fr VulgiTr l-'ractidii, ihi- lop fi^ire (.")) being the 
In umei’iilor, • and tlu- bottom figure (8j, the 
, 'Denominator 

1 

y* and J are Improper FI-net ion;-, l)eeau>e they are not 
f *Jess than I,»+heir values being 4.( and 8. TJ^-* latK-r 
C’34»tmpli' slioNsing how a whole numbcT may be 
, i'X|)ressed as a frat^ion.* 


i|. is a fraction wlpth is not in its lowest tornfs. lieeatisc 
t^|(’ 12 apd the lb udl ' cancel ” by dividing 1^\ 
the “ greati'^st/Common measure” of 12 ami 1(1 
■ ’ whicl^ is 4. It then becomes 

To add or subtract fractions; bring them all to tlie saibo 
d*!iominator by timfing tht' ” It'a-t common niultiph-, ” and 
add or subtract the i)»‘W numerators thus: — 


2 + 3 - i 

3 * 4 t 6* 


■ H f- 8 - 2 15 

12 * " 12 


7 i 


'I’o mujtiply fraction^: multiply the numerators 
together and rmiilipl\ the denominators logeyier, previom'ly 
caiicolling i^ afiV nt|meralor and denioninator will divide by 
the same number, thus:— [, 

. . 3 1* 

U 3' • 2 _ 9 

„ * 4„ ^ 10 ^.7 ” 28 

* , 2 ' 

'J’o divide one fraction liy anbther: invert the divisor 

and proce('(\ as in multiplication, thus; — 

c 

3 2 3 .3 9 

5 ■ 3 ' 5^,^ 2 '~'10 
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MATHEMATlCAl! CaIcULATION. 


io find tliL* squ|f.ri‘ root of ?i fraction: tfikf*fhc squnre 
of numcrutor. ind place* ft • ov^r the square root of 


r^ot 

denominator: — 


and 

/9_* 
V !§“• 


• 

4 


V 0_ 

Otln-rwi^e t^u* fraction niay be reduer*! to a dec]mal, aftd the. 
square root of this decimal extrack'd, orVakeu from tables, 
{»s referred to later. * • 


Proportion. ^' 

'I'o find the “unknown ’* of four ]ni»|>orliona|,s, tlie 
alf^i'braic nu*tbod siiiipk'st.' .r l)ein<^ the*‘ unkiK'iwn,” the 
jnoportion may Ix' written tbus;— • * 

li _'3fl 


3 


R 


# • 

'I’lieu, dfttin^,^ Dial ain value takeij ll’oiu a denoiuinaTnr 
to,the other side of the e^uat^on must bi* pl.‘K*ed in the 
numerator and vice vrrn<i, \\r get:-— 

2« X 8 _ 

3 « 

5| =■ a" , 

^rhe advantage of this nudhod is That? the terms liavo not 
, to bo set down iy one eertfain order, for kistiyice tljo above 
may be written : — 


3 

2 

theft ” = 


'8 

X 

3 


16 _ rl 

or a; — — = oy 


Decimals and ConYenslonsi 


• 3 


T n m ultiplying or dividing lengths by numbers or ot^^'r 
lengtli'ST^hc best general wav of working is to convert the 
lengths into the sair^^^ unt? oi nfeasurement, usually to-ieeb 
and decimal* thereof. • ^ 
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C».\;’TKI! |V _ ___ __j _ _ 

till' tiihlc's, to obtain tlie stpiart; ot a nuiobcr 
(•ontainiiig ^Iceiinals; Vut ck)wn the square of tho nunila-r 
as if tht'iv wore no d^oimaW; then it twico llu‘ miniiw’r 
of (Ic’ciinal*places as in thi- original tj/nnher. 

* 'Fo obtain tho'sefnaro of a nnriiber bevorfd thi>'reagh of 
tlu‘ tablbs; Divide the nuniber by ‘i and multiply ,lhc squan; 
of tli^" result by 4. Aijt? othia- nuntoers may be used instead 
of 2 and 4, so long as tHe latt-er is the square of tlie former, 
such as 10 and 1(10. ' 

Whi'U the number is nbt divisible, and (‘xaetuess is 
4 ’eqiiired, we may proceed as follows:—^ 

Required, the squa^i' of 18.‘*7. 

1st. !‘>om Table 4 . led'^-- ;mH0 

2nd. Adding f)ih- 0 to the number adds 

* (^’s to the !?faiare. thus.18.‘10'^ —-‘1348000 

ord (’ailing 1830-.-N* lirhe file ditf, for 

• 7 from 'J'ahli* 4a, thus, 14 tim^s N 

t-lus 40 *. “•A 2a(ir.O 

• * 1837-V-;tM7lV)(‘)0 


*. • 


Square I^oot, thf. use of Tables. 

Ihiaee d('i':% not a Wow for an ex])lanaliou of th<‘ jiri-ciss 
i(d’ fxtraeliuj^ T^ie s(|uare root of a uni-jiher, but'thi* use of 
" Four Figure 'J’ables ” will be I'xplaiiied • 

• To obtain the square roid of a number bi'ya^iid the reael\ 
<jf the tallies: J)iviUe the numher by 4 and iq,ulti}ily tlie, 
sqiiifre root, of tlie rt'sulFln 2. 

r 1 • ■ * * I 

‘Fo ohtait) the sijuan' root of a nflmher CMidaining’ 

decimalv-r 

■ « 

^ For eonv^iuiiMice, we will call the foyowing num4.iers 
odd figures, ’ vi*;., numbers with I, 3, or ,7, I'tc. inlegi-rs, 
and fractions with 1, 3, or 5, etc., ciphers following j^ho 
decnnal point, tints :— * 

• 13280, 132-8, 1-323 and -0528 will be “odd.” 

and 132i^ 15-28, -1523 iind -00323 uill he “even.” 

FxamI’LES.-«--(A.) Required *4' 15 -23 

t • 

'FUis is an “even figure,” so from the tables take the 
square root of a similar “even figuA’,” thus:— 

, ^'lh23 -'39-826 
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:iTATJIKMA TICAL , CAlj ci' 


I'LATION. 


Fwo l(‘ss (Tigits in'ibo inti-gi-r iifinis.c^no li'ss ira.llit’i root-,. 


SO 


I 


■ \ V 15-23 - 3*)02fi 

. * • ‘Trr 

(B.) Required \ 1-523 

This 'js an “ odd <^giire. ” aii<4 a shjiilar odd tiguro 
(1.V231!) is h«\oiid the reaeli (d' talde.s* so uc* nujjj' ^ake?— 

\ i;Vi* - 12’33 

s 9 

and thendore 1-52 - 1'233 

Next look up Ah.u*TumiiM r is the s()u:u-e of, 

- ir)202S'J 


, but 1234- - 10227.% # , 

ami we set- iliai iht i.ii-er nunjlar^i:' n?ai-<-r < nr and 

onr r"-,i will be I 231 . . • * 


^ will ite ifr:( fui fo )'i ni'Mida-r Jhid :— * 

I.’moK i:f Iiliiriiiei's of liMI .iTld llTldeV 10.(Hill iiavc twO 

• inleger-^. • • ■ 

li 'ill--, flf iniinber- i.f I end urdei^ioo liave one inrt'ger. 

» .Hoots td nniiibers of -ol e'^id mid.-v J ate deeijfials with 
no^(‘\ph(‘rs following thi’ « 

Bools of nninbef- i-i -(KHil ,;iid nndi r -UT are deeimals^ 
with one expher ftjliowing ihe ])oinl. 

Reciprocals. 

The re*‘.i|)roc:'.l of a nninlw-r iS thr iV''ult of dividing 
that nuinb(-r into^l. In oilier words. IIk» reciprocal is thi‘ 
deciniid fraction eorn'sponding to a xoilgar fraction wlioso 
denominator is the nundx'r and tlu; numerator i.-*l."lhus: — 

• 'rinii>reciproeal of Hi is j\. or -OlVi.Tt •f’ 

A t.able of reciprocals sncli .as 'I’.dili- 4 is useful; — 

* A.--In Converting vuljar fractions to decimals. 

Ex.-tMPLE.— 


64,. 

and -- = 5 X*-016626 = 078125 


64 


avoiding division by q Itirgo number, as we may 


instc'ad, mulMply by the reciprocal. 
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CHAi>l*ER ^[V. , 


C.—cn obtaining^ a t-esult w'hen the product of two 
nnrnbers has to lnfdivi(Jed[)j8 their sum or difference 
^ of which a AuiiibCT of cases /ccur in thfe subjectTin 


hand. 

‘ To lind the reciprocal of a number contsfining rlecitnals^ 
such aA 12*36: First take the 'i^ciprocal, negiecting the 
deci^nal, thus:— ^ 

" l^ciproc^il of ]230.----()00a)0. 


enc'h decimal place moved to the h'ft in the numlver 
niOY('s the decimal a place to‘the right in the reciprocal, and 
•vice t'urtia, thus:— *' , 


Eeciproeul ^of 12'J6 = ■080g>. 

« ■ 

Gojieril Remarks. i 

'I'Uo ri'udor. by experience, will soon see what degree 
"of accuracj? is required in caleulation; for instance, when 
culcnli^ting a F.ead of a Turnout, the length to the nearest 
•incli will be sufficuntly accurate. Tn file case of',i» cros-Jing 
angh\ the iiiairest )■ it ill be near enough as a result, except 
for .angles of small nuniUa*, i<ay under 1 in 4; but if’'the 
Nuryher of the Crosshig as found, is to b»‘ used **^0 tiinl some 
otlu'i* dimension, su'eb as a ]ladiu‘'. it will be necessary to 
state its vfdu(‘ to'two or three deeinial places. (ieneP.illy 
it lis^nore important Ko ki'ep small nuiltijiliers and divisors 
‘ accurate tlnift large ones. 

• 

*> A rough check should alwais be made on a calculation, 
such as by neglecting decimals or mentally converting 
decimals to fractions. .Such a check will often* lead to the 
discovery that the decimal poiyt has been wrongly placed, 
or some facKir forgotten. * t 


Tht*r£» are other sifaplifierl methods of arithmetical 
W^alciilation siich as the use of LogarithniJ^and of the ‘Slide* 
Rule. Space foii)ids a detailed explanation of these, but it 
may be stated, that whilst the §Iide Rule is of little seryicc* 
in.the type of calculation required, the use of Ijogarithins 
• will be found a great advantage where much calculating is 
undertaken. 

• . * * * 

ALGEBRA» AND THE USE.AND CONVERSION 

OF t’OE^fUL^.. 

* Though it is intended that most- of the Rivlift in this 
book may be put to use by th<v*e who. have only a know- 
It^l'ge of ordinary arithmetic, the d^ivation^ of the rules 
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_^_ MATHSMAtlOAL CAnt^LAtlOX . 

• » a 

eannot well be. undeiffitood withfiiit oa ItxrowlcdKO* of the 
eleyiciitapy operations op Algebra^ .Withoiijf this Knowledge 
the, student *cnnnot ex|oet to make procressin investigations 
on his% own account, **k^r can ho pcad^ any- but the iiiost 
I'udiniontary tn^atisos on subject. * ** 

Unless the student^ jirulerstandsA u 'rule or statcihent 
oxpressod as^a formula, all the rule? by wliicji IQ 

obtain his results must bo put down in Vnglliy wording. 
Af^iin, ho will have dilViculty in traftsposing his rule wh^aj 
another (Unu;nsion to that fouifd by his lirst rule is required; 
or, in t)iher words, yi turniiig his rule sound. 

To elueidato fhese rewiarka^'e may take a rule, given 
lalor, for Ikiding tlu^ J^ead of a Turnout when the Xu'fnber 
of the crossing and tfiio partieulfirs of the Swif(?h arc known. 

'rhis rule in words' is;—Froin the gauge-* deduct- 
the diviTgence at the swileh die^^l, Multij)iy twice this 
diiiayisiou jjy the s\wtch angle number, the result hV thpr- 
crossing iftlniher. and divide the product the sum of llv 
switch and crossing angle mitnhe.^jjij. 

, The rulf expressed as a formulaf^with symbols given 
in Chapter XIll. to represent the vari<^is diav‘*^sions, 
becffines: — v ’ » 

; * W X 2 X M X N ' “ 

• .“'M + N “ \ 

* 

• The multiplication signs, however, are generally 
omitted. • 

• f 

Now suppose j[nstead of" the Number (dE ci^ssing^, being 
given, the* Lead is given, and we wish to calculate the 
Number (N); it would be almost impossible witliout using 
elementary algeb^^^i to discover that 

N ^ _^ 

* I2>^MX\V)-L 

• 

It Aiust also be noted that id mechanically follo'pving ‘ 
’ the operations of the w'orded ruje, opportunities of slynrtening 
the work by cancelling out^ etc., “^vill be mis|ed. * 

In Algebra, values sucH as lengths, weights, etc., are 
represented by symbols pr letters, and in some branches 
ongineerkif, such as Electricity and Beinforced Concrete 
Construction, the aymbolst'have'been standardised, thus 
rendering it eaey to compare rijjies given by different writeA. 




CllAPTER yiV* « ___ 

Thek api>cars 'ttJ. bfe no generally accepted notation 
which wifl cover the di^ifensiona * we are hej^e conceited 
with, therefore the symbols givc^ ‘in Chapter Xlil. and 
elsewhere have becyi chosen: an ^einH^nvonr being nv»de i() 
^keep to (hose largely used by other writers, and also to 
render‘them suggestive of their ti 2 .euiiings. • 

V 

Signs, elo." 

• gp. ^ 

•lilt Tn Algebra the sigiw t ^ . -j-, and =; arc^ list'd a^ in 

Arithmetic. The following statf'ineiits will show other wi»\s 
of indicating operatiftiis to be perfornwtl on numbers and 
symbols: — c v * 

a X b, that*., is the product of two letters, hi generall\ 
whktU'n ab, as alsq is (he product of a number and a letter 
thus, ox a is writbm .xi. In this case o being a number, is 
known as the coettieient ff y. ■ 


t jJrackets thusi ( ) indicate tbnt*'tbe quantities w*Thin 

them irvust lie taken altogt'ther. When there ‘is no sign 
Jbet^veen two sets of braci:;et.s,‘ the results of the quantities 
within the brackets i|vust lie multiplied togetlK';*. thus: — 

** I 

(a-lb) (c-«d)-- a less li.Muidtiplied by c less d. ,, 

^ 7 ^A-b)--fi less b. muitiplied by 7. 

(a X b)+\c X d) = the product of* a and b, plus, the 
,, * product of e and d. 

(tt-b)-r (e -d| = tbe difference of a and b, divided by 
tlij,' difference of e and d. • 

, 7 +(a -b)^7-ra-b. « 

7 - (a -- b + c) 7 - a + b - c. 

• • ■ 

The las1|,exemplilies the rule that a qjLipus .sign outside 
a bracket changqa nil the signs inside, on the bracket being 
removed. , 


■ a-^b that is, a divided by b, is generally indicapLcd as 

a fractiop thus, g and (a + b^-r (a-b), thus^i^ 

• •• 

That a quantity “a” <8 to be squared, is indicated thus, 
a^. which = axa, and (a + b)=® = (a+Ji) x (n + b). 


It must be noted that:— *, 
ab* = a X b** 



MATHEMATICAL eALQpLATIOK. 


whilst (ab)®=);l^^ squar^ .ab'or 

• aa * ^ ' ft • 

also =S*-T-b 

b oV 


and (rl =a®^b2 


The small “ 2 ” which indicates, the square or ’ ‘ second 
power” of a. is named an ‘Mndex.’« An index is distin^ 
from a “suffix,” which is a small number, letter, or dash 
at the foot of a symbol to give a special meaning, for ^ 
example, Ng may* mean “the Number of the second 
crossing.” « 

^ ^ ^_ ■ __ ^ 

The sign v or •v means that the square 

root of the quantity is to be taken, thya:—' 

vg =.3< 

. • ^*9~T'7 ^ V le” - *.4 

, (a + h) or a + b ^uare root of (a +• b) ^ 

• = v^a ¥ sh 

» 

y a , » 

b vb A ' , 

« # ' 4* 

|>ropq|rtian. * " 

Proportion, instead of Ix'ing expressed as m {irithmetic, 

* di 0 

thus : --a : b f : c : d, is generally expressed — =»_ which 

is a more useful form. _ b a 

* « 

A collection o1^ algebraical quantities such as, 4a + 6x 
— 3b, is known as an “expression,” and the* s«?|)arate 
quantities 4a and^ix are culled “plus terms,” ^h'1st 3b is /■ 
a “minus term.” » 

T£ wi* know the valuci^ of a, x, and b in the above 
expression, to obtain its ultimate value the (derations of 
^multiplication must be done first and the addition and 
’subtraction afterwards. « _ ^ * 


Thus suppose a = 3, =4, th^ 

4a + 6x - 3b 

=(4x^j + (6x2)-(3x4) 

= 12 +,*12 ^ 12 
. * 12 
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CffAPTlirflllV/ ' 

-i- - - - -—‘ 

Whc’u the sytnbAlfl ot iwo or ^re terms do not differ 
and are of the saniCf' po\V(T,’' the lerms.are nnpied HV‘,” 

.4 ' P ' 

• i " a 

otherwise they are *'unlike,” thus,#®!., — 3a and - the last 

t. • ■ ' *8 

being |a, are like terms, whilst 4a^, 4 a, ^/a, aiu^ 4ab, are all 
un^e terms. ,' • ^ 

Wo can add or subtract like teriiis to make one teruK 
■feus, 4a+3a=7a, and 5 a, —3v'a=2v^a; but this is*hot 
eo with unlike terms.. 

Addition. 

j In adding several expressions, place the like terms 
under each other* and add their cocdhcients tliu.s; — 

3.f + 7x-,3a + l 
2x’+‘4x + 3a-8 
' -2x-Gn + 2 - 

5x3 + 9x - Oa - 5 Bum. 

« t 

Su^jiraotion. „ , 

Bubtractiem ia perfornvd as an addition, but in the 
oxi)n'saion to^ De fle(j,ucted, nil the plus signs must be'rcad 
a« ftiinns signs, and vice vemn, thus; — • • 

^ 4x3 + 3x- a- 4 

* *LeBs 2x3-ox -2a + g 

t — 2x3 + 8x + a -10 

Multiplication. ' ^ 

^n mul'i-iplying two expressions, multiply every term of 
one e^pr^ssion by each term oi ih(' other. When any two 
terms being multiplied liave the same sign, prefix a plus 
sign to thefr p^duct, and when they h&ve different signs 
prefix a minus sign. 

« » 

. Also note that: — 

• n X a = a* 

— ax — a=sa3 

t • a 

—X a = — 

X 

4a X 3b ^ 12ab 
4a3 X 3b == 

(a+b) X (a + b) = a* + 2ab + b3 
(a + b) X (a — b) a* — 

(a - b) X (a -,b) = a*- 2ab n-b* • 
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MATHEMATICAL CALWLATION, 


DiTlsloa. ft ji 

* The ruies for di^ding one expression by another are 
simple, but rather le^^J[|hy, We shall usually in this work, 
only tfave to divide an exijrcssion by a Mngle term. In this 
case the rule is to divide each term of tlje expression by the 
divisor, thus;— 

2a 1 2a® + 4ab — b® 6 


K2 r o 

= a +2b + - 

2 a a 

Note that:— ' 

* «i -f a = 51 

a^ a - a 

al>-f a = b^^ 

4a-7-ya= i 

- r 

• *.* 

Simple Equations. 

*An equation is a statonient* that two expressions’arei 
k, equal. • " 

'■An equation is generally made up in*order to Hhd some 
unknown quantity, which process is khown a5. “ solving tlio 
'equation.” * 

To solve an equation we may employ erny one of the 7 
following artifices :— , 

1. Add the same quantity to each side of the cquathm. 

' If* I" 

2. Deduct th5 same quantity from each side of the 

equation. ^ , - 

S. Multiply rr divide both sides by the siwnc quantity.— 

A 

^4. Square or (Extract tlie square root of each side. 

In accordance with 1 and 2, a quantity may be removed 
from one side of the equation to the other by taking it over'' 
and changing its sign. I’his is,known as ”,traiiapo^ng. ” 

Examples:— ' 

Required M when, 

» 4M + 6=26 

“ Transpose 4M=^26~'6 

that*, is 4M = 20 

- 5 - by 4 eM»o 


CHAPTER ijV 


Required X whoix ( (M 

. I V V . 

— -5 = 9 I 
- *4 it 

c N 

'I'runsposc — - 9;+-5 

I y , * 

, * . -- = 14 

•x bv4‘ N ^ 56 




Thi; ^orieral rules,for simple equations arc: — 

1 . (’'lear of fractions by multiplying throughout by the 
, least common muMple ot the denominators of the 

fractiftfis. ' 

2. Transpose »!! tlie terms with th«' “unknown” in 

.tkem to the left hand side, and the “ knowns ” 

I ' 

. to the other sidf-. ‘ 

I 3.*Diviflo bv the coefficient of ttfl' “unknfM;n,” »:nd 
•the “unknown” will be obtained. 

in accordanci' with Af-titice No. 3, we, may note that 
if frAcUons completin' fia-m the sides of an tqviation, a ^ 
numeratgr may Jbe taken to itlie other side and then- j)ut 
into the denoiTpnathr.^-and dec rerun. A useful variety‘of 
^using*‘tliis rqk* is known as “ ero^s multiplying thus : — 

^ If r T 

b il 
. then ad = bc. 

I 

‘^Examples of ('quatfons will occur in the tn'atme'nt of 
the vaKOus jjfoblAiiis. • 

A Quadratic Equation is one in which the sejuarp of an 
unknown Ijuaiititv is iireolved; an example occurs in 
<Jhapter XIV* (Riile 4d). t 

Formulie. 

I * 

. Broadly speaking, a formula is a statement \vhich 
Sihows the relation existing between a cewtain set of 
quantities or^ measurements. Eor instance: — 

,j2\v]^tN 

'‘■"MvN 

i^a formula showing the, relation be^'vecn L, W, M, and N. 

In this particular fotnj it isi suited for finding L when 
and N are known. By the ^peratiogs of algebra 
the formula may be manipuliJted either to give any one of 

CO * 
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tho other values wlieii^^e romaiijHcf are known, ,or to show 
tlu^ relationsbetweoii,k \’0 of the valuerf wh’on the'ot|jer8 are 
known. * • 

® t • t . 

In the course of the work the rules will generally bf? 
given in tti(> shape of formula*, th^' simpler formOlffi will 
l)e, translatec^ into words, ‘and an ('xaiiaple of the arithuKi^icar' 
working out of the more' frequently used fornniltr. vs'ill be 
LMven. * • 


.TRI(l()^()METRi\ 

As the name implii^, Trigonouietry deals with the 
measurement of triangles. 

* p 

A simple exiilaiiation f>f the elemetits of thi* subject 
is calle<l for, so that the jyi'sencc' of Sines, (’o^^ines, etc.,- 
in rules and their derivations rtiat" present n<} dilllculty to 
the ade^-*previousl\* unacquainted wilh^their use. • 

/riie explanation will onlv expend *lo the solution of the 
Right Angl(‘d Triangle, amf it must bc' inulerstood that 
• such a triniTglc is referred to, unless ftUierwise stated. • 

* 111 the course of *1110 calcuhdions we shall oftini find 
that we kiiiow thie length of only ohe of f|je. sides •of. a 
triar^le. Now if we*also know the nu'asure«or one of its^ 
acute angles in degrees, sc'e Chapter V., (j*- other method of 
ipeasuri'nient. we can by, Trigonomidrv, of)lain either ofT 
the olhi'r sidles. This vve do by multiplying the given side 
by a number depending upon the*measure of the angle. 
'Fhis n'lonhcr is known as if d'rigonoinetriftid ]^ntio, ^nd is 
simply the* ratio or the reejuired side to the known side. 

Jlatio means the'number oT times a tirsf quantity 
contains a second, therefore a ratio can alw'ayflt be expressed*^ 
as a fraction, for example, four ways of exf)resaiTig the ratio 
of If to 4 arc : — • 

• 3: 4, 3^4, J and -To. 

» • 


Fig. IV.-l .shows 
the names usually 
given to the sides of a 
triangle wdtli respect 
to the Jinglo A, the 
names in brackets 
being preferred to tlte 
others by some writers. 
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CHAPIUR W. 

. —.-;-^—;“T-;----- 

The . TriffononieSricil ( Batio|4,i sometimes called 
Functicjns; of tlie anj^le A'arc the ratios of the sides one* to 


another, thus: 


The ratio' = I’iie iiiiie dr Sin A * 

.hyp 

bajjid ‘ * 

^ II -r—I. Cosine ,, Cos A. 

hyp, 

” ” Tangent ,, Tan A. 

M 9 1 —— — ,, Cosecant «> ,, Coscc A. 

perp t '■ 

^ hvD * 

9 . 9 , .9 i^ceant *• ,, Sec A. 

•base 

4 

9 , 9 , —— = s, Cotangent ,, Cot A. 

perp 


The, three Jatten ratios arc the inverse of'the t^ree 
foriper ratios. i » , 

Two other ratios*or functions are : — , 

Ver^^d Sine of A qv Vers A —1 —Cos A. 

Coversed Binp ,, Covers A=l —Sin A. v 

’ \he Sin^* 5 , Cosines, etc., of any ^cute anglv, the value 
of which is given in degrees and minutes, may be extr^jeted 
-direct from mutlfcmatical tables, where they are given as 
decimal fractions. ^ 

.'If the angle cQnlaina seconds, a difference‘proportional 
to th(^ number ijf seconds miiiit be added or subtracted as 
the case ma^i be. • 

Examiple.— 

Requhed the Sine and Cosine of 7°, 9' 8". 

The Sine of 9' from the tables = ’1244674 

The difference for 1' more plus 2886 

„ „ 8" ,, of 2886=plus -0600384 

* • ‘ " ‘ Sine 7^ 9' 8" = ’1246058 * 

The Cosine of 7® 9 «from the* tables = -9922237 

The difference for V more=minus 363 

II If 8" I, = ij\j tf 3 a^ 

. « minus ’0000046 


• « 


• Cos of 7® 9 S" = -9922189 
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___MATHE MATICAL, CAJctTLATB3N. 

In using table's it is helpful|fco iyjnember thi,following 
points:— 

The Co-functionflkloHo. decrease ns the angI5 increases. 

* • ^ • fc • 

The Sine and Cosine are always less'than 1, and there- 
• • ^ • 
fore make n quuutit\«>,less if multiplied by them, aruL 

greater if divided by tliem. 

, The Secant and CoaectTnt an' »lwnys greater than K 

The Tangent and Cotangent may bo of any value. 

• * 

Solution of Right Angle^triangles. , 

(1) To FIND TltE SIDES FIIOM THE ANGLE A AND A GIVEN 
SIDE. 

Example —In the triangli/'/4'7i C Fig, IV.—2 the angle 
at ?1 is 8"., tlu*perp B C is 4' --1-708'. * • * 



Required the hyp. A B and the base A C. 

To find AB, * • 

•4 B hyp CoBee A • • 

B C perp ^ 1 

hyp = perp x Coseft A 
le. AB ^ 4-708'X 8P031 

• = 3 7-8r 

Tc find A C, 

B C “"pwp “ • 1 

base 3= perp x Cot A 
i.e. A C « 4-708 X 7-969 

• * == 

• ' 
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Another way to 
B C “ 


S d A B is, 

P* Sin A 


AB 


I 
hyp 

f 

perp 


i.e. 


Sin A 
4-708' 
■1245 


' J ■ 

= hyp. 

= AB 
S7-8r= A B 


In the above Wt first form a ratio between the 
required length and the given length and then state that 
this eouals the Trig. Ratio between them. Next we get the 
required length as one side of the equation, reinemboring 
that a value above J:ho line, when transferred to the other 
side goes below the line, and vice versa. 


By this procedure, we 'may obtain the ni'es given 
uVow:— - 

Per = hyp x Sin or hyp —■ Cosec 

Per = base x Tan „ base -h Cot 

Base = hyp Cos „ hyp -4- Sec 

Base = perp x Cot „ perp h- Tan 

„ Hyp = base X Sec „ base 4- Cos 

Hyi^ perp X Cosec ,, perp -- Sin 

(2) To Fixp TJHE ANGLE A "WHEN TWO SIDES OF THE 
TRIANGLE ARE GIVEN. 

^ The procedure is to form a Trig. Ratio by dividing one 
side bv the other, give this ratio its name, and look up in 
the tables whet aiigle it is the ratio of. 

Example.— The base of a triangle is 8 hiet and the 
perpendicular is 6 inches; required, the angle. 

Perp base = Tan A 
i.e. '5' -f- 8' = Tan A 

.'. *0625000= Tin A 

From tables 0623306= Tan 3° 34' 


difference 1694 


To find how many seconds th[s is the difference for, 
multiply it by 60 and divide'by difference for 1 minute, i.c., 
for 60 seconds, thus:— 
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1694x60 
2920 ' 


= 35 seconds. 



MATllFM ATK'A L . C ALluLA‘rrOS . 

---- ‘ ■ f - 

The required angle is therefiSre ■}? 34' 35”. 9. 

^ Til all C'lifios, uhenli second luh* <(*f a triangle has been 
obtained, tlie third 'dniy be found by the rule to the 
squani'S of the sides*fZilijclid 1—47), but if trigonometrical 
tal)los are to hand, it may just as \ve'?l b(‘ found by using 
them. • . 

* 'i 

If the Uiird angle- is required, it’is found by dediudiug 
Ihe angle A from 00'’, bt*caus(‘ the thpce an|[U'?i of any 
tqangle ---IHU . “ e ^ 

General Trigonometrical Fomi^ulaB. 


Thi'i’e are forhmhe for solving triangles uhieh are noi 
right-angkal, and there Sro ah.o certain relations betweiiii 
the ratiosT In this work ri'courso to this knowledge will 
seldom be necessary, and the notes w'ilLbe confined to the 
following brief statements: — 

Fo]i^ulae /or Solatton of Triangles (which are not right- 
angled). • 

(iivcn,^fhrcr .vdes. y 



* a*= c®— 2bo Cos A 


and Sin B =. — 

a 


^iJiven, two angles an<^^a side. 


b = 


a Sin B 


and c =.' 


a Sin G 


Sin A Sin A 

Given, two sides and an opposite angle , 

Sin B = - Sin A and o = ^ 

a ^ Sin A 


Note. —In ihe text a boohs, additional formulof are 
given jor uscawhcn logarithm^^ are employed. 

c 
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CHAPTER IV. 


• 


Relations lietween the Ratios. 


Sin A = * 

s Goseo A 


:* =■ -^1-CoB® 


f' 


, _ Tim A 
® A*= —- - 

+ Tan«^ 


Cos A = 


Cot A 


• • 


Tan A 
Cosec A = 


1 . C_JL_ 

—7 = Sin? A = /-,- 

. ,• ^l + Cofc®A 

1- Sin A 

Cot‘A ^’CosA. 

1 

Sin A 


= vSec*A-l 


= v'l + Oot^A 


Seq A = Q = ^IH* TalS“ A 


fcot A = ™ ^ 

Tan A 


• • 


Cos A 
•Sin A 


= ^^Cosec® A — 1 


Sin Ji =Cos (90° - A) * Cos A - Sin (90° - A) 

* Sin (1^0° — A) = Sin. A Cos (180° -- A) = — Cos A 

Tan (180° —A)= — Tan X, etc. 

Sin (A4-B) = 8in A*Co8 B-tCos A Sin B 

Sin (A — B) =r ditto — ditto 
* ^ * € 

Cos (A+BT=Coa A Cos B-Sin A Sin B 

Cos (A —B)= ditto + ditto 

/* 1 -r-.\ Tan A;fTan B 


Cot (A+B) = 


Cot ACotB-1 
'Cot B+Cot A 


^ . * Dot*A-l 

^ ^ ” 2 Cot A 


Sin 2 A' 


2 Tan A 
l+Tan*A. 


2 Sin A Cos B = Sin (A+B) + Sin (A-B) 
2 Cos A Sin B = ditto ditto 

• * t * 

2 Cos A Cos B==Cos(A+B)+C6i (A—B) 

2 Sin A Sin B = Cos (A — B) — Cos (A+B) 

eto. • 



CHAPTER 


^ 


EOMStRY. 


, « • 

.C^^APTth TIi. • 

(?ENERAf. GEOMETRICAL* THEOREMS AND 


. JROBLEMS^. . 

Th (3 sofiition of all problems In cqpnectiwi •witir the 
alignment of railway tracjc depAds ifiitially upon tho 
fdftp of Elementary Geometry. There is nothing remi‘»sJF ^ 
able about this statement, when it is remembered that this 
brunc'h of rnathematies may be saief to be independent o^ 
any other, its trifths being binlj up by plain reasoning from 
a basis oi self-evident facts, pr "axioms." • 

It will be sufiicient for the purpose If wo state#the 
Oeomotrical " Theorems.” or provt^I facts, which ar^ useful 
m solving the kind of problems arising in tracikn’bfk, leaving 
the student to studv their proofs in the text books.^ 

* A ifa'mbor preceding n stntemeyt ^’efers to the Bdblc 
and Ib'oposition of Euclid Jron| which it is derived, this 
iineient author being still the universal standard 6f 
reference. * *. • 

• Certain geometrical definitions are givAi in Chfipter 11., 
but a knowledge,on the reader’s p»rt of <thc elem§ptai*y 
• definitions and mofti obvious facts of geoVihtry will * bc^ 
assflmed. 


GEOMETRICAL THEOREMS .OR FACTS. 

Trian^es. * * . 

1., 6^ and 6^ In a tfiangle, equal «sid^ have equal 
angles opposite to them, and nice versa. 

1., 4, 8, and 26. If a triangle has threef of its six 
medlsurementa,, •which are three sides and* three anglefj<|i>*^ 
equal' to tbi:po similar measurements, ^ach to each, in 
another triangle, then, ])iipvided one of the measurements 
is a«6ide, the two triangles are equal in every respect. 

In certain cases, known as ambiguous cases, whic*h are 
easily recognisable and need mob here be discuise(^ this rule 
does not apply. , * ^ * 

I., 38 (Fig. V.—1)* If the*side of 
a triangle be produced, the exterior LlflJ 
angle is equal to the sum of the two 
interior and opposite anglds, 

Angle A = i^gle B+Angle C. 
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CHAPTElJ. I , _ 

I., si*. ITie threp. arii‘;les of triaiiglo are equal to 
two light angles, or 180 th^grecs. 

I., 37. T rianglcs ori^ equal bases ^qid between the same 
parallels, that is of (the same hei^nt. are t.(pial in' area 
(The area base x height.) 

47 (l'’iS- 2). Jv any right-aftglecl 
triangle the square on tlie hypothenuso, 
or fiiile opposite fo thq'right angle, is 
(?qi»al to the sum of the squtwes on the 
sides eontaining the right angle. 

AB2 = AC2-^1502. 

r 

Y(., 4. (Fig. 3). Similar triangles are those which 
havL Ihcir angles equal each to each, and thus may be said 
to be ct‘ the same shape. 



The aides of similar 


triangles 


are proportionals. 


This fact is Very irnpeatant, and 
wide in its application, as 4ie following 
exan'iples will show:— 

If the angles of trie triangle AJiC 
are equid to tlnse of DKF. each to 
each, then;— c 

- ii.: b : : (I: e etc. 
and a ; d ; : b : e etc. 



YI., 2 (F ig. d). If a line be drawn parallel to one 
side,of a triangle, [t ents the other sides, or those sides 
produced, proportionally 


Thus it FD or FiDi bd drawn 
■"parallel to the jide C A, then :— 
BF: FC : : BD: D A 
B 0 : F C : : B A: D A 
< BC:CFi: : BA; ADi etc. 

It wall bo seen that .the 
parallel * lines form similar 
triangles to the original one. 
.Figs, 4a and 4b show .applica¬ 
tions of the above to a switch 
angle and a crossing angle, 

I 









Circles. 



EGMETRY. 


• • f 

III., (Fig. 7 )k The eentre ora (?irde lies jn a line 
bisecting any cliordf?^ right anglijs. * 

• i. 

Xji Fig. 7, the centre of the cirme'lies in line 15 Df), 
which bitfecta the c}ior4*A C at righ^ nirglcs. * 

III., fl. If two circles toiiiTi eych otlieii, th^ line 
joining their cc'ntrea passcij throu^i the "point of contact. 

In Figs, o and 6 the liftc IIOGj^, joining the ceritrew 
0 and O^, passes^ through H. • 


III., 11a (l^igs. o a«d 0)^ Tf a circle t(juches a second 
circle, and also a given line, .then a line drawn through Ihe 
points of contact also pass thnaigh the'erid of a diawieter 
of the second circle whicli is p<;rpenlTiculiiir to lhi> given 
line. • • • * - 




seen, hecfiuse if we kno\v the point G at which a required ' 
cufve touches a line, we can obtain the point* FI at which 
it also touchca*n given curve, and vice versm 


III., 18 (Fig 7). 'llic centre of a circle lies in a line 
draVn at right angles to a tangpnt at its point of contact, 
i.e., Badius is at right angles to tangent. 

In Fig. 7 Radius AO is airrjght angles ^ 

to tangent A E. , * ' 

From a point outside of a circle 
only two tangents c^n be drawn to the m 
circle, and these are equal in length. In 
•Fig, 7 the tang^its •from •point E, 
namely E A and E C, are egual. c*nftv -q ^ 
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flU v-ll. 


III., A) (Fig. 8). tTht angle atftjie ric.v-a. 
■centre of a circle js dpil^lCT Ifhe angle at / 

the circii.nn(ference on the same base jjf 
iirc. • 

' Angle AOC — Anglo ABC x 2. 

111., 21 (Fig. iiy. All angles i^i‘the Fic.g- 9 . 
aamo'segment are oqudL Angles ABE, 

ACE, ancfABE »te equal. This forms 

the basis for the proefess occilsionally 
C'mployed of setting out ciirvbs by the 
yso of two theodolites,' which would be , 

^set up at A and E. 

IIL, 31 (Fig. 10). The*" angle in a A 
M’lni-circlo is a right angle. 

111.. , 26 and 26 (Fig. 11). Equal 
•chords are' subtended by tajual .angles. 

The equal chords BC, CD, abd DE are 
swlitonded by equal fvigles Ji A C, CAD; /y 
and DAK. This fact forms the. basis 

for the ordinary process of set'ling out 
<3urvo8^by the use of a theodolite, which 
avould be set up at A.* 

111., 22. The opp-osite angles of a 
f'^ur-sided figicr^ in a circle are eqtial m 

two right angles. H 

III., 32 (Fig. 12). The angle.which I 

n tangent makes with a chord, is equal ^ 
to the angle in the opposite segment. 

Angle BA‘G == Angle ADCi. 

III., 3di (Fig. 13). If two lines in a 
.tf'l’-cle cut each .pther, the product of the c 
segments of one i»: equal to the product 
of th(‘ segments of the other. \ 

AB X BC = DB X BE. 

III., 36 (^Fig. 14). If from a point 
^outside oF tj circld' any line ‘be drawn rtq, r- | 
cutting the circle, the” product of«the 
whole line, which is called rt secant, and v 
its^ part without the circle is. equal < to 
the' square of the tangent line from the 
. point. ** ' * ‘ , 

'A T squared *=ACxAB*s:4^^AD. 
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_ . , joVO^mBY. 

III., 36 A (Vie. I 15'>. Floiii* .several of ^.the nbove 
thoorems a certain ^usnful wflving* rule may be derived 
which wifl be freqat^itly applied tlmjugliout this ^ork. 

•This rulg is gotidirijlly stated* thiis : — 

The Bise of an Arq is equal to the squaiv of the Chord 
of half the Arc, dividct^by twice tfae Badius. * 

The warding adopted, however? will be:— , 

The Versed Sine = SiiJb-chord*^squaX‘dtwice Eadius, 
Or in Symbols to be explained later:—- ^ 

. V - Cl 2R 

It will bo‘shown l«)w tlys rule is derived, which will 
serve a» a typical example, of the manner in which the 
theorems may bt- applied in establishing useful wcjrking 
rules. , 

With regard to the Arc ABC, AC is the t’hord, Bl) 
istthe V,i?rsed Sinep and AB is the Sub-ehor«i. • _ 

The Chord AC of the Arc is bisected at i;jght angles 
by the lino BDE. • • 

B E *thereforo passes through tiie centre of the jHircle, 
and so is u diameter or twiqp the Badius^(l II., 3j. 

ADxDC = Bl)xDE (ITT., 3^) 
but A I) = D C* .' 

AD2-HDxDE 
Also AB2+B1)2=--A IF (l.,47). 

For substitute BDxlVh', then; — 

B.VxDE,+ B 1)2=-A*B2 • 

that is B D X (D E + B D) ---- A B^ 
and BD = A B^h-(1) K +B D). 

But T) E*-4-B D = twice Radius, ajpd^so the* rule’^Ifs* 
proved. ^ 

GENEKAL GEOMETRJCAL PBOBLEIVfS. 

A problem in geometry, consists of^^findijig ^ow to draw 
a line, a circle, or othqr figuA, to fulfil ^certain conditions. 

The text books of geometry give methods of solving 
such problems, hut it is impracticable to deal with all the 
problems in railway* work by geometrical methods aWhae. 
Drawing must be supplctaented by calculation to give the 
necessary freedom'and scone to ^ifie procedure. I 



n 


CIUPTJSU V.\ , , __ 

This >nll be evident \ihen it is. remembered that we 
are net concerned with nio^dy iiiakin^g small scale drawing^, 
aided by t?ioinpasso8 ana angle measure|!3/etc., but with the 
setting out on the ground, and the qMhining of particjuliir 
diruensions bv calculation for reference tables, etc. 

c (lenoSal problems in lines, anMes, and somi* of the 
■'"eu nii^nts of the circle wiJl now be d(^ilt with, leaying to the 
m-xt chaptrer »the special' problems in setting out circular 
curves. ^ 

• ^ rhe proofs of the prol)lems depend upon the foregoing 
theorems, and a refi-repce to the thi'orem concerned will 
lie' given, except where the' procedure is obvjous. 

Th^ letters (A), (B), ett.. show alternative piethods 
of treating the pr«ble‘nis. t 

t. 

Pi^b. 1. • FiKvm a given point in a straight line, to set a line 
at ri^t angles to tha fi^t line. 


1 


fc ^ (A) S.Fig. 16.) Qn either side of giw>n 
point 4 nv'asurc off t'qual distances AB 
and A 0. Vrom B sweep out any suitable 
distance B I) and cut it with the same 
distan6'e from C. D'A is then at right 
angles to BC. 

(B) (Fig. 1,7’-) Using the principlc^of* 
IVuclid, 1., 47*, *jucasure off AC cqutiii to 
any measuremenl) ivultiplied by 3. Sweep 
ovt AD equal to the same measurement 
multiplied by 4, and cut it with CD, 
whichimake the same-’measuremt'nt multi¬ 
plied bv 5. Thjs isfknown as the‘3, 4, and ( 
. 5 metkod. 


FtCV-l6 







(C) (Fig. 18.) Using the same priii- 
-feplc, measure «>■ base AC, and sweep a 
distance AD equal\o the base, cut it wdth 

C D which make equal to the ba»i multi- S 
plied by^fho square root of 2 or 1-414. 

'J’lie measurements in fhe figure show a 4'*8i” ft 
Jiow rail jojjitstmay ^be squaredji 

(D) Ecferring'to Fig. 20^ if E is Vhe given point in the 
given line B C, choose a centre such ns D, and with a 
rad^is DE strike an arc which cuts B'C at C. 


D^-aw a line through C and D^, *pro(\ueing it to cut the 
■other’^idc of the arc at A. - « 


72 



A lint* A E vvil^ <|bo at 


rijlht. tingle! 

*1 . 


. • i GEOMETl^. 
< to BC (Euclid 


UI., 31).. 

It will be notiq^l that by this method nothirif need be 
useA beyond w pair o^®onipasscH*in tjit' oflicc, or a piece of 
string on the ground. ^ 

Prob. 2.* Prom a glfin point outside of a glYon 

set a line at rl^bt angles to-the line. , . ^ 

• *• 

• (A) (Eig. 19.) Froin*ihe giv?n point 

A cut the given lint* with t‘qual distances 
AB and BC. ^Jisect BC at D. is 

the line roquirii*d. 


C!£m, 


f 

/ 

/ 

\ - 
% 

f 

—J 

t— 


B 


(B)*(.Fig. 2y.) When' the portion* 

DB (Eig. 19) of the line is not av^il- ao 

able:-- ^ • H - 

'I’iilce any suitable ptunrt \l in the - 

gw^en jjp.e BC, bisect A(' at I), and ffoni • 

1) cut Be witli a distance 1) i'(mal to DC. ^A E is the 
lino required. 'I'ho angle.A IM.' is in a scnii-circle and is 
therc'iore^i right angle (Euclid 111^ 31). 


Prob. 3. To draw or set out an angle, the measurement of 
whi^h is giyen in degrees, minutes, and second^(‘’'"). 

We must first oxiunine this, which r-«* the scientiift 
method of measuring an angle. ^ 

If we draw a circle and divide its circumference in^ 
300 equal parts, and then draw two lin(?s from the ends A and 
B of one of those parts to the centre *C of the Circle,* those 
lines will form en angle if C B of one D?gre<j. • 

The Degree is sub-divided into (iO Minutes and the' 
Minute into GO Beeonds. * • 

The circumference of a C’irclc is j^xU-14.‘.6 times ifs* 
IVdius, so the portion AB, is: — 


360 


of 2 X 3-1416 X Radius 


that is, AB == 


_ 1 


6'J*30 


^ J^adius. 


w ” 

Now suppose we wi3h*AB to be one unit, such as 
one foot, then:— , ^ 

^ " 57^ 

SO, Radius •= 57-30. • 
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'I’hercfore if we draVv alOircle witjiia Badius of 57'30ft., 
each foot on its circutnfercmce will represent a Pegree;fj 
of an inch, ra minute; and of an a st'cond. 

The size of anglc^ may also be vStiinated ^jy the s{ate- 
mouts : —j , 

I iVgrec is 1 in* 57«U). .r 

Minute is 1 in 8^38, or 1" in 280' 6". . 

1 8ocon(f is 1 «fn 206280 or 1* in Miles approx. 

P»c^duFe of setting out an angle. 

(A) By using the iprinciple, that if a circle be drawn 

■’*4th. a radius of 57*30 to any unit, degrees may be marked 
off on the circumference by listing tK'-‘ same i!nit to represent 
degrees^ , 

pxAMPLE.—(i^’ig- ^1.) To set out Mn angle of 11® 
25' J6'. • 

- FirsV, reduce the. angfe to deg;t’ees and decimals, thus: 

25' 16''-25 X 10= 1516 secvmds. 

'I’liiTc are HoOO" in a*degree, so nc.y- 2 i . ‘.t ^ 

degree. Reducing 57 - 3 gl___— 

this fraction to a decimal ^^e -- —*?*' 

get •4v?l degrees. Ther whole —Sp, 

angle is thus 11-421 degrees, , in 

IT'om a centre C Ji^d with a radius of 57*30 feet, that 
ig 57'fdijt, 3| ipches, sweep an arc AB. , ‘ ' 

Along this arc mark off a length DE equal to 11-421 
ft-ct, or 11 feet 5*inches. 

Join I) and E to /J, and D C B will be the angle required. 

Extending this principle, if it is wished to make 
inch represent ^exaftly one minu'I.e on the ^ arc, the radius 
, -must be 17 feet 10| inches. 

1’hi; advantage of this, method is that no tables are 
jgequirt'd in its yse. * , 

(B) By usingVa trigonometrical ratio obtained from 

tables.* ' 

The sine of the angle will give the greatest accui;acy 
for setting out the small angles we are concerned with. 


^zs-ie' t, 


ExAMH^E.^^(Fig, 22.) p 
To draw a * line,^ making . 
an angle of 11“ 26' 16" ‘ 
with the line AB. x 


ric.v- 22 . 






* At.this stage, these mtaos me-y be without a knowledge of 
meaning, which is explained in the ndtes on -rngonometty, 
Chap. IV. • ‘ 
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- : - : - -;-;-- 

From centrti A with a radius, say 100 feet, 

^vecp an arc C D. • . I . 

Look up the ’Sine of 11° 25' 10* in a AtatHematical 
TaWo. This#will be icnind to bc*'19^185. 

Multiplying this by UK) feet we got 19-80 feet. ^ 

Mark off this distffWcc' at right ?ing/es to A B and 
the arc at ^)oint E. • * , , 

Join AE, and EAB is the tingle required. 

(C) By the use of a Protractor, which, however, 'CWll 
not usually give ^sufficient accuracy* for the purpose. 

(D) By a Table of ^^hords, which is useful, but special 

Tables are required. • ^ 

(E) By using the Sine of half the atiglc, which*does 
not entail any setting out of a riy^ht awglo. 

This method is briefly showy in Fig. 23. 


To oe fO * fnf/re 
ff>e Sine of f<0ff 
ffte fing/e. OK) 
nrginnetf 



PfDb. 4 (Fig. 24*). ^ To bisect a glveli an^id,* BAG.* . 

' Set out e<iual distances A B and A C froln A. 

From points B and C sweep out eqffiil distances BJ) 
and C 1) intersecting at D. A lino D A,will bisect the angle. 


Th(i examyles show* 
both the bisection of an 
acute angle and of an 
obtuse angle. • 





^b. 5 (Fig. 25). To find the centre horn which a ^ven 
• arc is struck. 


(A) Without calculation. * 

Take any two points A ^nd C 
on the are, and with ^utres A and 
C, at any convenient radius Iweep 
out arcs at M and Repeat the 
process on any other portion of the 
arc, preferably BC, the*arcs •being 
at P and Q. 
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Thp oontro reqiilrpil wHl be the mpint 0. which is the 
inb'isection ' of lip*;s j through >s* und PQ ^produce^. 
(III. a.)*^ r f ' 

« (B) (Pig. 26.) <By the aid hf nc. v- 26 . 

calculatian. « “ 

any two po^is A and 0 
on the aro. 'Join AC, b'iseet it at D 
and draw J) B *;it r^dit angles. 

^ffc««<ure AB, which is the chord of 
half the arc, and DB. 

^ ^ c 

Then the radius = AB squared -i- twice B T). (III. 

?’he centn*, 0 inay then be, found by striking out this 
radius fvoni the nrants A »;nd G. 

' c 

Brcb. 6/ To draw a^, tangent to an aro at a given-point on 
the (aro. 

It is required to tlraw^ a ftiiigent to th(‘ arc ABC 
touelivig it at iMant 13* '■ 



(A) (Pig. 27.) Pix two points 
A ai\d*C in the/are, equally distant ^ ^ ~ 

!¥oiii B. rToirG'fhe ehord A(.', and \ . 

gt its centre irieavure the versed - -‘q-- 

sine BB. Prom C set 0 Pj at right 

angles to the chord hnd equal to BD. Join EB which is 
the tangent required." 


(B) (Fig. 28.) If the portion 
A B of the arc is not available. 

■«*> Join BC «"nd at its centre 
measure P G. 


FiC V-2B 




Prom centre C and with a radius CE, which make 
<'(jual to four times FG, s\fpep an arc. A line drawn from 


B and touching ihis,,arc will be,the tangent required. There 
"is ii very slight error in taking CErfour times FG, which 
will be referred to in Chuptor VI. 


• (C) Beferring to Fig. 25, obtain ttie line M N as in that 
problem, and through point-B draw a Jine at right angles 
to M*N. This will be the tangent required. (III. 18.) 
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OEOMETRY. 


Prob. 7. To draw a Jfangent to |n from a point outaide 

• the taro. . • i . 

4A) Frojtj the point E 

draw a line E B just touching th<i ffe«Y-)?Pi g ,F ^ 
arc. To find the cxS«t point ofr 'c 

contact, B* draw any line - 

Hfirallel to B E; bise(;t A«C at j\ 
and draw 1) B at right angles to A C. B will b(^ the po"^* 
ri'quired. • 

(B) If the portion B is^iot available, but the radius 

of tlie arc is kno\^n, draw E‘B as before and EC Eit right 

, _.. 

angles thereto. Then cliord BC,= '^wiceEC X^Racliiis. 
f]Il.-35A). ' ^ 

• (C), Eroin E dftnv any line cuUing.the curve, af EFC*, 

measure EF and EG. * • 

• — • 

Then EB - ' EG X EF. (TIL—36). 

Prob. 8. To draw a tangent touching two,arcs, XBC and 
AiBiCi. (Fig. 30). 


riG.V-30. 
B 


B. 






Draw a line B touching the two arcs. To find the ' 
exact points of Qpntact, draw a line AC Aparallel to B B.,. 

• Measure B^D which = B^ Dj^. 

flien chord BC — v/2 X Radius of arc ABO,, 

and chord A^ B,^ = x B« x Radius o^^at® A^Bi C, 
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CHAPTER Vr. r , , 

~- r — 


CkAFTER W: 


RULES FOR i5raWING AND SETTING OUT 


CIRCULAR 

• _i_ 


,GENERAL RULES FOR CIRCULAR CURVES. * 

‘ Under this heading, rules will be explained which, 
..^jMiupplemented by the 'theorems and proldcms of the last 
chapter, may be applied in dealing with circular curves by 
methofls suitable to railway‘work. , 


«> 


Dimensions relating to a Ciroular Cunre. 

f' . ® 

'I'he diitienaions which appeutain to a circular arc will 
first be enumerated. A naifie for each dimension will be 
adopted, and the roJ.ations between thc^ dirnonsionp^ will obe 
stak'd. in«/3rdor that btrsic rules may be obtained. 



Referring to Fig. 1,—and it is important that t]be 
reader should draw this and all 6ther figures step by step 
for himself,—with a centre 0 and a radius OA draW a 
portion of the circumferenbe of a circle ABC. The curve 
A B C is .n^m«d an AW of the circle. Join A C by a straight 
line; this is "called the chord of thf OTO* Bisect AC D 
and through OD*draw the line OD B B; this line will ^ at 
right angles to A C. B D is variously known as the middle 
ojwlnatei the rise of the aw, or the* versed sine,* the last 
name being adopted in this work.* , 

-- ---:... *___- - - . TT- ■ --- 

•’ ■ * SomatitneB writ^n'* versin«," * 


IB 



t 


_ ^ ClRttJL^B CtJn VES. 

A Jine such as I’tr, at rigl|b angles to tliQ chord, is a 

side ordinate.' . ^ • , . % • ^ 

line A B is chord of* half the arc, but in this 
volume it will be ifanVd the “sutfKJhord '* (of the -afe 


ABC). . 

From point A draw a line A S at right angles 
radius AO. A E will bo a tangen^’to the arc foufching it at 
point A. From the point E onlj' •ne ottier tangent can be 
drawn to touch the circle, namely E and this wili*^i» 
equal to A E. E is the pO'int of Inte^^tlon of the tangents, 

*1 E K is the aiUIh of Intersectton,* and the angle A E C iS* 
the apex angle.• • 


E a)) is the* tangential angle between the chord, .1 (’ 
and ihi' tangent. • 

. I 0 C is the angle subtendt^d by the are ftt» the centre 
of the circle or shortl\ the ceAtral angle. 


A farther angle,which is used ip curve ranging by the 
thiiodolile, is the deflect|on ^Ulgle. Tins is *the angle 
l)et\Aeen a chord and the prolongation of o preceding chord 
of the same length, 'i’hus, in h'ig? 3, page 83, the*angle 
J,B C is the deflection angle'for the choi^ B 0. .This angle 
is twice the tang^miial angle for the )iame chord. Tt \^ill not 
i)e iiocessivry to refer again to this angle. • • ' 


Kkinentary geometry shows that the;•tangential anglj^ 
is equal to half the angle at the ci'ntre and also equal te 
half the fpigle of intersection. • 

• f 

The tangential angle wfor half the jyc is equal to half 
the angl?! for thS full arc., i.e., in Fig. 1 anglf' R .1 B = anglc . 
BAD. . 

Any lino rirawii from a point outside <^thi‘ circle, suc^^^ 
as the point E, and cutting the circle IB nalned a eeoant. 
The line E B OJ\ is a sepant through the centre of the circle. 
Th^ portion E B of this line is called the external seoant. 

The terms tangent, versed* sine and secant, originate 
from an obsolete way of stating ithe ♦rigpnomctrical 
functions, not used in the modern treatises. * 

■ ■ - - - - - ■ * _I--- 

* It i« the nsttal EpglislLpraotiee to call the an^le A JSC the angle of 
interiwetioD, but the American praotioe is adopted as being mdre 
convenient. ^ 

t The pointy is at th& other end of the diaipeter and not ehevln. in 
the figure. * 

: ' • TO 














crntuLAii ctinvRs. 

^ ^ —... -^- 1 - 

calculuto H third onJt*which mly nfit be the qne' requirt'd, 
bill whicl:viu conibinaAun with one ift those? first g^ven. will 
enable us to tinrl tlu*orn‘ requirt e^. • 

* • •• 

It ina\ also I.h‘ noted that many of tlu> problems wfll 
seldom, rtnd others iie^'or, occur iiL practice. * 

Ai)plyifig a knowledge of thi' elementiMry* geometry 
given in Chapter V., rules,may 1)1^ derived I'liabling any of 
fhe. problems nieutiomal to be solved. 

Tables 2.‘1 an^l 24 give an exteifsive list of such riilcs^ 
providing niean-* for solyng an\ problem lilvel\ to occur in 
practice., * • 

T'or the present the rc-adcr may epntint* his attefetion 
to the following set of rules, wliirfi are clioseu.witlT a vie^jv 
to simplicity and g(*neral'utility'? 

• Thyse rules be*ir the same refereiK'e ruimbt'rs as tlieT 
do in Tables 23 and 24. 1’be r^iles will he quotefl by these 
numbers throughout the vN*ork. 


baiMMABY OF lU’I.ES FOR C]JECVi;^AR CURVES. 
For full list of Rules see Tal)les*23'and 24. 

m 

, For symbols refer to Figs. 1 and 2. 


Required. 

• 0 

Given. 

iRule 

No. 

----- 

1 

1 Formula. 

1 

_, a_ .. . 

i * • 

j Rule III word.s. 

• 

Radius 

.(B) 

Vers, sine 
and chord 

1 

C 1 

1 

(iC)* + v>» 
"2x'v” 

• 

aquarofi ofdlalf' 
itnord and Vera, sfno 
divided by twice the 
Vers. Bine. 

• 

Do. 

Vers, sine 
and 

Sub-chord 

C2 

Cf r 2V 

S 

Sub-chord sqitared divb 
ded by twice the Vera, 
^slne. 0 

m 

Do. 

Sido 

ordinate 

and 

dGandOC 
(Fig. 1) 1 

* 

GS 

« 

1 

• AG >itGC 
■ 2x6 

• 

1 

• 

Product flC the two 
j diBtancoB from top of 
ordinate to oncLs of 
Chord, divided by Iwiac 

J the CMinate. 




CH APTER ^ 1.__^_ 

Si'MMARV. OF Bules*foi4 Circular* buRVES— confinued. 


Rul« , 

jijo I I liormula. 

M 1 * 


Rule in woitbt. 

i ' 


< I ’ ■ I 

'Va-wneBadiueand C'7 K - a/r^ - 

I'"* fv\ _ A • Radius take the iauan 

it) Chord * . of Half*chord, cxtrac 

I • ^ ____i. —M _ _ 1 


Do>- |lladiu8 and; C 9 
I Bub-chord 


(iC)“ -f- 2R 
(approx.) 

H- 2k 


.From the Kouare of 
Radius take the ecmare 
of Half* chord, oxtroel 
square root of result 
and deduct it from the 
Radius. c 

Square of Half chonl di vi- 
,^ed by twice Radius. 

f 

Sub-chord squared divi- 
; dod by twioa Radius. 


Side* Bjidius, C 1S| ^ tl“ - X“ - (R - V) square of R^ius 


ordinate 1 Ters. sine 
(O) I and X 


Do. ^ Radius, C 

Chord and 12a 
* AF&FC 
1 (Fig. 1) 


AF y FC 
^ 2 ">? R 
(approx.) 


ta ke square of X, extract 
' square root of resiiltand 
I from it deduct Uadixis 
* . decreased Uy Vers, sjne. 

i « 

Product of distances of 
I ordinate from endr of 
I chord divided by twice 
I the Rudiu.'i. 


Ch^d iRadiusand Cl.'iiax v'(2 x Rx V) - 


Verp. <iine 


Sub- jRacliusandjC 17! 
chord , Vera, sine , 


V 2 V U X V 


' Fers. sLuc; deuucl 
. square or vers, sine 
I Extract square root and 
I muiLipty by2. 

Multiply twice the 
■ Radiusbythe Vos, sine' 
' and extrtk'L square root 
I of result. 


Second First.VersfIC 26* V -s- 4 (aWox.) i.Sv-oml Ver^. sine is i of 
Vers. Bine sine (V) 1 j ftWt Vers. sine. 


Radius , '0 8-5 

/•r.> interseption, 
of two IlllflU I 
*= 21)“ nndi 
Tangent ! 
len^n (fi 
front 

Intersection 


’r Tan D® 


gentisJ €ab%hord 
Angle D® ^ 


Multiply the Tangent 
leitzth by twice the 
“Centre Line Measura” • 
of the Anglo of Inter¬ 
section, or by the“Right 
Angle Mea.sure" of half 
that angle. e 


Tan* Radius and C 57 Cg -i- 2 R = Sine i D® Angle is.twira the Angle 

r e ! ■whoac_SinolsSub*ohotd 


divided ' by twice 
Hadiua 


A Bee Chapter Xll. 

Examining the above rules* it will be .seen that those 
co|j5ncctcd with the Sub‘-Ohoid * have the advantage of 
simplicity combined with accuracy. *“ 
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(HRCl'LAR Cl^RVSS. 


--- -- 

It is astonishingIttow far tip sftnple rules :—* 

•Bt= Cs= -H2V ' 

V 2S ^ ^ 

Cs =. V 2'^'FxV . 

and Vs =^V 4 (apprpx.) 

* "09 

will serve in practice, and these rules should be memorised 
in preference to any others * • ^ 

The curves, or arcs of circles, with wliich wo shall, 
often he conconu'd, will be flat, i.c* their versed sine wil!«^»i 
be small compan-d with ^le chord and the radius. 

Therefore the Elalf-chord and the Sub-chord ^fill be 
nearly equal, unrl*in many cases it will not matter w'iiich 
we take in working out the rules. ^ ^ 

Tlie amount of the vrror in taking the Half-chord 
instead of the Suh-^hovd is mIiowu in Table ^ 

* Extfmplos of working out the rub’s* will he given when 
cui;ve problems are dealt w^th ii detail. 


• PK>oesses Sf setting out Curves. 

. Before proceeding to the*solutions of definite •problems 
in the. next* Chapt»?r, several of the u»ual prcJCesaes of S'.«ttjng 
■ out a circular curve without the use of ni^te measuring' 
instruments will now be deseribed. 

• • 

Method A (Fig. 3). Bij an offnet from a tangent followed' 
by (iffsets from nceania, i.e., linelt cutting the carve. 





^8 an example, let M A be ajine from wducli the curvo 
is to spring at point A, The curve is to be ^f 10 chains, 
= 660 feet Hadius, and the pPga are to bff 60 feet apart. 


Ist.—Calculate the Ver.sq^ sine for* a Sub-chord of 
6^ feet. Versed sine = Sub-chord squared divided by 
the Badius. (Rule C9.) • 


66 X 66 3Sf_A 'qA «. Ml qfii 

•. r>r665 '■ io - ® “'iis 


fiw 
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CirAPTEJR VI, ' 

" f' "•-• “ '■ --- 

2nd.—Prolong‘fti€ fine M/1*A little over 66 feet 
boyon^d d., /.(*., do iA)out point H; ^his is the tsyigent 
From p(SitiL *1 monsuro rt distance .f .6 = 66 feet, and cut 
it with an offset^ H etiiial to th« Versed ^dne of Hi 3|", 
measured squart- to the tangent line. Point B will be 
the lirst point in ■the-curvi". '# • 

^ • 

•‘Ird.—*T() crnitinue the curve; from poiuf B measure 
a distanct.' B J df (it) along tlie lint' through A and B 
‘^u-nlonged to J. The Tine A BJ is called a secant line. • 


Also from B m^-asure a distance B C of 66 feet and 
cut it with an ofl'set J f’- twice the Vefred sine, or 6' 7^". 

J' will be the s(’con<l foint fti the curve. 


t 4th.—A third j)oint Q is obtained fti a similar manner 
by ])rod\ieing th?^ lim; through B and (' to K \\ith an 
* offset IvQ -- J ('. ^ , 

F(yi!oi\ing the dotted lines it will bi' seen that a curv»' 
Tias been set out tangential to the line /f A and witk Veiled 
sini's of J)' for Sub-cbor^s of Oti feet. 


Metjkod B (Fig. 4)? By verned siurs on ^:onsccutive 
chord H. , , 

This methj)d is commonly known as “ Quartering*,” 
^md i?i ver> ^ojivenient when tlie lf>ta! Clford or*Sub-Chord 
and the Versed sine are known or can be obtained, as 
m.shown in the f4)llorvving example: — 



Suppose it is required to join the two given lines M A 
qpd N V by a curve commencing at 4 )oint *-1, where it must 
spring from the line M A. , 

1st.—Prolong the two given lines until they meet in 
point 73. • • 

84 





ClllCULAR C URVES. 

2n(l.—Measurolnio tHnsi‘n| lirte AK and set off £ <7 
^qiial to jt. Puint rtwill b(' tfu'., oi^irr t*nd of the curve, 
where it wiJl be trtnft'ntial lo the lino N C. • • 

Hrd.—jRiu A aiuf f' !)y a chord, %irul bisect it at D. «* 


4t]L—Measure DE, and A'D. 

nth.-—Obtain the Radius;—’* 

• « 

H T ^an D" * (Rule C 35.) 


tlmt IS, ' 

■ 

• or, R 


AE - 


AE X 


DE 

AD 

AD 

1)E 


0 


(illi.— ('iilcuiati' the Vej'sed Ji D from Jijiilc^C T ou 
C rt, aeeordiui^ 1(j the deij;*ree ^>1 ^u'curaey requirf'd. 

. AU -ni.il ivelv iiia_\ be ohlaiiual,wit hunt caieTilalion* 
thin:— • • 

'Jiisect .IC at D, and filth the ring end at D ttike a 
tape alonji the line D B 11. When the lengths'J7 P 
and Ji H are lainal aud at right ai|gJes to,.l D and 
AK n'spectivel\. J) B \vil! be ll^e versed siiu' 
n-quired." * ^ 


7th.—Ap))ly the metliod of Quarteriniif. After fixing .» 
I)oinL B stretch a line A li (": bisect .1 B and /if' at ./* 
and L aud set at right angles yie distances V » or J K 
and LP, each equal to -J of V. • ' 


8th.—The siring may he put round the ])oints A, K, 
B, P, and (\ and further Versed sines (V,) s*t equal to 
i of V,. • 


• 9th.—The operation*may be repeated until sufficient 
points have been obtained. 

, The arcs generally occurring'in iiraeliee arc flat, and* 
with such ares, in obtaining the first V,*it miU usually bo 
near enough to make it ^ of iJlS. ^ * 

'I’he secondary Ve.r.s('d sines t^j), found by quartering, 
are slightly too small, but the error is very little. It is 
difficult to express it exactly, but practicallv it amountS 
to;— . 

(\i cubed -f- Sub'eli<)rd squared x 16). 
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CHAPTER VI. • • 


The following shcfwn ^ho nmourtfc|of the error in various 

instances: — . 

« 


% 

Main Chord (C). f 

Proportion & error to Stcoud Vera* sine. 

• 

m 

«.* * 

^ual tp Bi><dius.. 

• 

1-7% or 1 in 60 

Ditto 1 Badius . 

•5% or 1 in 200 • 

10 times first V 

1% oii 1 in 100 

20 • Do. Do. 

•17% or 1 in 6^)0 

_ 1 _ 

• 


"^VIethod 4'*(Fig. 6). a scri/'s of square offsets from a 
^ line, the ]*oints beimf located at equal 

distances ayarfi. ’ • * 



This methocl, though very accurate, does not generally 
prove as useful as those preceding.* 

I ‘The Badius (B) and the dist^nce^aport (Cg) of the pegs 
(a, B, C, etc.), must be givQii. • 
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___ _CI RCULAR CURVES . 

Beferring to Fig. S ^ve must calculate the offsets Oi* 02 , 
Ossete, frofti the taag^nt line AL. ' Ixe oaiculati^nf except 
as regards Oi, O 2 , O 4 and 0 ^, is complex, unless trigonometry 
is employed. • •• ^ . f.* 

'I'ho tMith of tho ruj^'S may bo s(;^n by compurii 1 |[ Fig. 1 • 
with lh(.* portion of Fig. o bearings tho snnio r(*f(‘r'..'ioO' 
lottors, and noting the facts of Euclid 111,, *26 SneJ 29. 

Obtain tht^ anglo, f 1) 

Sinn \ !)'' = (’ -:-2 H. fliulc C o7.) 

Tlu-n:— ^ 

, Oi -- Cg X Sine*i D 

O. O, + (Cs X Sine li^D) 

Og ---- Oi + (Cs X Sine 2i D) 

O 4 — Ok f tCg ‘X ^ine 3^ D), etc. 

•it ii^Tiot noct-ssary to know tho,distances AH, HJ, 

J K. K L, along tho tangnnt, if,wo tako earn thatf the O's 
art- inoasurod stjuaro to .1 L* but if required tho} are: — 

. • ,_ • 

AH - v/Cs'-^ - Oi“ . (Eucli^l.—47j 

i/J.= ■eo,*- YoJ -0’,)“,e*o. • . . 

-J 

When using Method 0, the offsets may diten bo taken 
from tables such as those of Kennedy and Idaokwood (Spon), 
which give offsets for curves from 0 to 80 chains radius ' 
advancing by I chain and from 80 tq‘240 bhains by o chains, 
tho pegs being 6 G foot apart' 

This may bc*a suitable place to call atli*ntion to tho- 
fact that offsets to a circular curvy from a tangeyt line arc 
approximately prj)portional to the square of their distance's , 
from the tange.nt point. 

■Thus if we take a practical example instead of the 
purposely exagg(?rated diagram (Fig. 5), the distances .4 H, 
AJ, AK, AJj will be very nearly* in the proportions 1 , 2 ,* 

’ 3, and 4. , • • • 

• • 

The squares of these, hum bers are 1 , 4,«9, and 16, and 
the offsets will be found to be approximately: — 

(?2 ~ Oi X 4 
.Oa •=* 0i X 9 
O* = Oi X 16 
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CIIAPTKR VII.—CURVE PROBLEMS. 


CHAPTER Vli. ’ 


J'ROHLKMS IX SITTING AXJ) 1)RA\TIN(V 

. ClROUl.AE CURYi^S. 

In till' Slotting out and. drawii *{1 of cVcular curves to 
fuTtil dctinitt' purposes, the geometrical fact.s, the curvo' 
rules, and the detail prtKjesses of s<‘tting out, discussed in 
the preceding chapk'rs, will be largely* brought into service. 

Some of the problenifi nia\» be considered to be of an 
advanced nature t(i tin* average reader, but Ik' will*soon 
recognise those i)ro1)leins which will pr(^v(‘ useful to his 
riMiuirenu'nts, and be wilbiu his capabilities. ^'rhe*iuore^ 
advanc'd problems are incKuled ti) render the series com-’ 
l>leto. and it must be noted tliai all tlie ])roblems in^uded 
are ^iubh**lo confront the designer in the jireparatioii of 
j)lans for new' worlc. * ■* 


, Conditioiis necessary to fix a Curve. 9 > 

In ovd<‘r that a simple cireular curve nuay bt' deiined, 
so as to be capable of being set out on.tlie grynurl or drpwn 
0)1 jiaiior, tlihn' must be given three C(jiidition^»t,«.or requiili- 
im nts, which the curve must fulfil. 

Those conditions, any one of which ma'y go towards 
defining the position of a curve, are as follows;— 

P. I'lio curve must pass Ihrougri n given point. ^ 

L. ,,• ,,9 ,, toueli a givc'n straight iline. 

(’. ,, ,, touch a given curve. 

R. ,, ,, , ,, be of a given radius. 

It may bo mentioned, tliat if four condiUons are given 
w'hie4i a curve must fulfil,*it will bo 'a compound curve; 
that two curves of different radii tangential to one 
anofher. • 

Each of the conditions .will be represerAed* by an 
abbreviation consisting of the letter preceding,it iu*the above 
list. * • 

Of the conditions, one, tw-'O, or all three, may be taken^ 
from either P. .L. or 6. For example, a curve will be 
defined if it is stated that — 

1. Pass tlfrough a given point. 
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2. Touch ft givemline. • | 

3. Touch a givcji curve. , * 

The problem of drawing such oi curve will be sliolrtlv 
diaioted thus, “ P.L.C.'t ^ ^ 

k To giv6 a praGtU;al illustration'of one of {he problems:— 


FIC.VD-I.* 






The lint* LL in Fig. I repre^ionts a straight main line. 

A curve of given Hadius ia*required to bo tangei^tial to the 
that is, to spring from it or touch*it, and also to pass 
through the poin^P, ti feet away from the building shown. 

Here he have a problem which by the notation adopted 
is represented by “P.L.li.*’ 

J\y taking three given conditiofis in every portable 
mannert problems 16 in number will arise. Of those, soitio 
will have two or throe •ease?, boctiusc of variety irf' the 
reljitivo position of the given points, lines, and curves. For , 
instance, a given point may; be eitlicr in or out of a given ' 
line or curve. *\s an example, the problem “ P, P. L.” may 
be represented by i*ither of tin* sketches* in Fig. 2, where a 
curve is rcqxfired to pass through two points and Pg and 
to spring froip a. line JjL. Tii one case the point P, is in 
the line, and in the other case both points are out of the 
line. 

r • 

FIG m-- ?. ■ V? 


The full*^^ of the three condition prt)blenis will be:—^ 












___ CUBVe PnOBLBMS. 

Solutions of ma:^*of these probllemB are ipctudcd in 
the^text bqpks on Ge(^hietry, but-usually the prcjcedure 
therein depends upon the centre o£^ the circles being avail¬ 
able, •This rarikly occurs#in railway work. . ^ 

Some pf the problems seldom, and others never, occur 
in practice. •. f 

Solutions will be given of Nos.'i to 11, omitting the 
romaindcT as they s\re of ar; intriedt^ nature, and are not 
liktly to arise in actual work. 

It will be noticed that usmilly, tljc required curves are 
shown to spring dllrect fronf a given line or curve. If a 
switch is to inteAene, th#n th§ given line or curve must 
be taken, not as rejm>senting the main rail, but as df line 
parallel thereto. * o 

The “ shift ’’ (jr distance of this parallel ling from the,_ 
rail Tiia\, for all practical purposes, *bo taken as half the heel 
divorgeiiec of the switch, or usuallv 2^^ inches. , 

If it fs desired to allow for a trausUidn curve, a parallel 
line .must again be worked ^to. ihe “shift’' in this case 
being in accordance with the rules for transition curves. 

® Of 

To avoid repetition, the foljowing symbols and Icdtoring 
will be used as far as i)ossible ;— * 

Given points. 

AB. f'D —Given lines. 

E F (r, H J K- Given curves. 

• 11-Radius of a required curve. 

m 

Rq = Radius rj a given curve. 

d = The least distance between a curve or a 
point, and, a line. * 

m, n, ^ = Other distances to bc^,^e.\sured or 
calculated, 

• . ■ e . 

G^ven and required linos are in full. 

Auxiliary lines are dashed. • 

Extra lines to show, an extension of a ^obj^em are 
dotted. * * , * 

The Rules and Theorems to Vhich reference is made, 
are those of the preceding chapters. The, propositions of 
Euclid are referred to thus, “ (III., 36).“ ® 

The.Curve Rules pf Chapter VI. and Tables 28 and >24 
are denoted “ (Rule C7).“» 
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CHAPTER VII.' ■ 

Problem No. 1 (P. L^'& R.). Ca^l); P. In L. 

Tlis cnsc i.s'dealt with under Mjfthod A of‘Setting <i)ut 
Curves (Chapter VI.). i 

^ ■ i 

. Problem No. 1 (P. L.& R.). Case (2): P.not In I^. (Fig. 3.) 



Exampi-k. — .\ curve‘of *201) feet radius is required to 
spring lioTU the givi-n June AB and* to pass througli,, the 
Point P% * 

• « 

Pao(’Ei)URE.—Product' the line .1 B to E, slightly past 
poiRt P. Measure tffe least distance, P/C —d, \)et\veeu the 
line and. the point. Suppose'd —30 feet. 

• •I’o hntj il'ie poinl B, from whif-h the* ourvu will spring, 
calculate a lAigth P B, using d anil the given radius. 


]loferring*to Fig. 
= PB. 

^Therefore, PB'~ 

i 


3, d is a Versed sine for a yub-chord 

^ 2 x'd x^'r (From Rule C 17.) 
^2 X 30 x' 200* 


^ ^'i2000 


=-• 109-54' or 100^ 6F * 

From P measure this distance to cut the line at point B. 


. It only remains to .ict out points in the curve between 
B and P. 'riie most practical method will be to set the 
points l»y, * quartering. ” , S^^ring a line between B and P 
and make the first Versed sine (V,,) equal to -] of d, or T 6^, 
an<l proceed in accordance with Method B (Chapter VI.). 

• The d()tted lines show how thii ciirve may be extended 
beyond point P, if required. • A point F is found, being 
opposite J, w'hich is the' centre* of S P. PB then = FP. 

Produce F P to G, and mak» P H — B P, and* G H~ d. 

* 





_ _ _ CUll-VE PROBLEMS. 

Problom No. 2 (L.'L|ft P.). Caso. <1): P. in L.. 

* Tliis cjjise is doiilt with under Mi.^hod H of’setting out 
c’urves (Chapter VT’.)* 

Problem No. i (L. L. Case (2): P.-not in L. (Fig. 4 ., 

• • 

FIG.Vn-4. * ^ 



Kx.\Mp[,E.—A curve is required to pin the two, given 
straight hues -1 li and ('l>. Tluvcurve must pa^ through 
tin' fixed point P. _ 

• • • * . " 

Piax’EULUE.—Produce the given lines until they meet in 

point E. ,j ’ 

Find a point Pi, synunetrical Nvith P. This tnay 
he done by measuring PE arid PF, and making EP^ and 
FiPt respectively ^qual to them. « o 

■ 

Draw a line thiougli P, P to cut lino ED at G, and 

nioasuro Pi6’ and PG giving say 8.‘1' and ‘2H'. • 

. ^ ^ 
The pomt G, from which the curve will spring in the line 

ED, may then be found, because OC’is a tangent from ^>oint 
G and GP^ is a secant line f^oin the same. ^ 

Therefore. GC = PG 

® = v''83~jr'2d 

= ^909 

= 43-7' 


Having fixed point C. fix point B bviuakiivg EB = E C. 

» • 

The curve may then "be set out by Method B, Chapter 
VI., the Versed sine (V) for li P* and PC being { F P. 

The V for length /*'P may be obtained from measurir^ 
a V for this length on tliq portion of curve nlreadv set out, 
or from the Eadius. 'The Eadiits = P rP-^2FP. (Eule Q»2.) 
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Pioblem Na 2. CaM*(2): Altenuitiip inethod. (Fig. S.) 
RS^ • * 

J_ 



Alcosurc P G paraiilcl to E H which letter is the bisector 
of angle .7 E D, and also measure P K from,P to the bisector 
of angle A E D. * ‘ 

» Suppose PG^23' and PK = 30' *' 

. The^apgent line, GC ^ GP 'xiOP + S^TP) (III., 36.) 

= *v'^3”xT23 TT^IO) 

^ tk ti 


To find the Kndius of tfie efirve. measure E C. E H, and 
H Gn which suppose =*!()()', olM', and 25-2'. ThtflLi: — 

. 41 == T H- Tad D” * (Rule 0 36.) 




% 


« 

That ip, 



== 100 


. HO 

■ EIH 
^ 25- 2 

■ 50“4 


= 100 X 


.50-4 
25-2 


I 



We may^isqtice that GC may also be^set out towards 
E, as shown by^Cj, in which case we should obtain-the 
smaller curve shown dotti'd, wliich, though it touches"tha 
given lines and passes through the point, is obviouslfr not 
\ho curve required. Thif is oiKi of the many instances of 
there being »iore ^^han one solution to a problem. 

If the point E is inaccessible, ‘reference should be made 
to Problem No, 6. , Y • 

-.^ ■■ ■ _ --^ _ -- 

* * Dividing by Tii^ is the same thing lie maUiplying by twice the 
Centre Lutb MeaBaib (see Chei>ter Xtl.), of the angle of intersection, 
wbvoh in turn if'the same as inaltiplying by TUght Angle Measure 
of half that isnile. • 

94 
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PNblem No. Si (P. R.). (Pig. %) 



Example. —A curve of Radius = ^ = 200 feet, is required 
to^pass through the given points and P.^. 

Procedure.—M easure the straigbji line Pg. 

Suppose this .chord (C)=150 feet. 

Calculate the Versed sine (^'^), for the chord C:—- 

V - R - V R“ - (Eule C 7.) 

200 - ' 200 ^ - 75 “ 

. -- 200 ^'40bf)b~^'625 

200 - <34375 
j= 200 - 185-41' 

- 14-59' = 14^ IV '' 

Bist'ct tlu' chord P^ at D, and set. up DE-^\:r, 

■14' 7^", at right angles. Other points in the -s.rvi* may bo - 
set by “ quartering.” 


Usually it will be near enough to obtain V by Ruhi 
C8, viz.V = (4 C)2-r2E. ' ' 

'Phe dojited li^es show Iit)w the curve may,bo extended 
by the method shown in Problem (1), Case (2) 


Problem No. i (C. P. & L.). Case (1); P. JnJU. (Fig. 3.) 

ExAMPLE.-rReferring to the diagram ofProblem No. 1, 
a cui^^c is required to spring from. tlie given lino .4 P at 
point and to pass through the point P. 

m J 

pR0CBDCttE>—Produce the given line AB^to E, and 
measure the least distance K P from this line to poilit P. 

•y 

The curve may then bo set eutfby ‘'quartering,” the 
first Versed sine being of if P (approx.). 

For the radius of the required curve : — 

R=t.>PJ3^.f twice KP. 


(Rule C'Q.) 
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Pioblem Ho. 4 (P. P. L.) . Case (2): not In L. (Fig. 7.) 



Kx\mi>le —A curvo is r(*quir(?d to spring from tVio givch 
lifii' A B i’ud to p.iss through tho two giviii points find 

IVioc’KDijRE.—Through F and draw a lino to intcr- 
st‘c4 tho jirodiiction of tho given lino at CV, 

i\r.'nsure 0 P, and r P ; suppose they are 20' and 130'. 

For the ilistancc B(^, from C to the springing of the 
ourvc — 

/iC = ^/'cP ~>i"Ql\ (ITT., 36.) 

=-■" v' 20^ x' 130 
- -''2G00 

'Fhe curve may then he set out as in Case (1) or as in 
Problem Xo. o. 

For ihe lladius, nu'asure d and B P,,thon; — 

P=--/i^a-r2 d. (Rule C2.) 

Problem No. 6 (P. P. P.). (Fig. 8.) 



Exa6fle.—A** curve is Required to pass through the three 
given points Pj, Pa and Pj., 

Pbocedurb—^J oin the points P^i and P., and measure 
tne square distance, jdP 2 , from this Ime to point Pa. APa 
will.be a “ Side ordinate”. * Also measure the chords Pi, Pa 
and*P4, Pj. 
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= 200 * . * 

• Tilt' c'lirvc limy then Be set oi?t by “quartering,” 
hrst Versed sine (V) being; — 

V Pi Pa) “ 2 If (Rule C 8 approx.) 

?= 99 ' 03 * m 


= •24-51' 


Alternatively the V nifiy be ealculatcd by fhe exact 
Rule C 7. . * • . • 

Otherwise we inay calculate an approx. V frqpi Rule 
(’.?(; th(*n measure and find V, thu.s ;— * 

. V = P^R2~2,R. • ‘ (Rule C9*) 


Prolilein No. 6 (L. L. R.). (Fig. 0») 



•' Example. —A curve vfflth a radius of 200 feet is required 
to j#in the given lines A B and C D. 

• 9 

Procedure. —Produce the given lines until one crosses 
the other. In the diagram, XID is prodliced tc^ J*, crossing 
the production of A S at* E. 

• 

Bisect the angle B EF by line E G. 

• • 

Along E G measure any length G E say 50 feet, and 

measure a square distance G H' to the line B E. Supnose 
GH-33'4'? 


o 
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-1 ^ __ _ ’ ' ' 

1’hi! longth of a* tangent lind,! E B, can then be 
calculated:— ' , 

EB — RaSdius X (Rale C 44.) 

= 200' X 

50 

= m' 4 " 

=i== < 

Make EC = EB. B and C will be the ends of the 
curve, and it may be set out by Method B, Chapter VI. 

If the given lines cannot be produced \mtil they 
intorse?.t, then linos parallel to them may be used to find 
the ’nlersccting angle* and the tangent point, as in dotted 
lines. 

Problem No. 7 (P. C. R.). Case (1): P. in C. 

At the given point draw a tangent to the given curve. 
The solution then becomes *ho same as that of Problem 1, 
Case 1. 

Problem No. 7 (P. C. R.). Case (2) P, on inside of C. 

(Fig. 10.) 



Example.— A curve of Radius = R=200', is required to 
spring frortiithe givtin curvecA'BC, which has a radius = 
''Rq= 300', and to pass through the fixed point P. 

PnocEDUUB.—Measure the least distance d, that is PB, 
boAween the point and the given curve, and mark point B. 
Suppose d = 50'. 4 , 
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Calculate the disiance from B to,the springing point A 
of "the required curves— * § 


An =- 2Rc X V 


4jlc (Be "■ R,~ d) + 4dR • 

600 X / - - - T0">^74ljp 

1200 ,(3002Q0-6&) + (4x 50 X200) 


- 600'x 


▼ / • /-» 


17300 


(1200 X 50) +,40000 


= 600 5c \/ 1^00 
100000 . 

- 600 X ' -TTo 


-- 600 X -418 , 

- 250-B' 

, == • 

The ijoint *1 may then bo fixed, 'and the cur\a? set out 
from a chord -IP. * 


Problem No. 7 (P. C. R.). 

(Fig. 11.) 


pase (3^: P. on outside A C. 



Example. —curve of Radius=R = 300', is required to 
spring from the given curve ABC, which has ft radius=Bo 
=200', and to pass through the*fixed point P. * 

Procedure. —As in the last example, measure d, which 
suppose = 50'. • * 

‘ • 

' In this case culculate the* distance from P to 'id;he 
springing point A of Jhe curv€:— 
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' AP ='2Rx \/.ti) 

m (ii«-'Kc) 

=, 600 ’ 

1200 X 100 

22500 

« . 120000 
-- 

1’he curve mav then be set out from the chord A P. 

< 

'Ihc rules for A B and A P in Gases 2 imd 3, have been 
obtained by principles beyond those explained in this book. 

♦ 4 ' 

'riie procedure is as follows: — 

% • 

Find Cosine of the^ angle 2 D, in terms of the three 
known sides of the triangle P'F E. 

From.Cosine 2 1) Obtain Bine D, then in Case 3: — 

GptR^SinB 
and *4 P = 2 X 6' P. 

Problem No. 8 (P. L. C.). Case (1) P. iq C. (Figs. 12 and 
13.) 






CURVK PROBLEMS. 



Exvmplk.—A Piirvo is roquirod to touclf ilio* given 
curve I) P F at j)oint P, and to t)(‘ tangential to the given 
line .1 • • I 


PjiocEDnu*:. —At point P (|^ra\v a tangent C'<P to tin* 
given curve, and cutting thf given line produced at point 

Pleasure C P and make 0 B eqiM thereto. B w:4l la* 
the coiuincnc(‘nient of required curve. .The cqrve mas- 
then be set out and its radius obtained in {iccordance ssith 
Method B, C’hnpter VI. — * • 


Alternative Method. 


Eind the points K and D where the pven line and curve* 
arc at the least distance apart. 

Draw a limj through P#nd D, producing it until it cuts 
the given line at*a point B. • 

B will be the other end of Jbhe curve (III^ 11a). and 
because B 0^ if parallel to D 0, we may find the radius, 
thus:— • 


Ji ^ Pfi 
Eo ' PD 
E ~ Ee 


X 

PD 


The same procedure fapplies to both cases sHown on the 
two diagrams (Figs.^ 12 and 13),•whichever method is used. 


Problem No. 8 (P. L«G.). Case (2): P. in L. ^ 

Example. —Beferring^ lib Figs. 12 and .13, a curve is 
required to spring fnjm a given ^infc B in the line A B.-^nd 
to touch the given cu^ye DPP. 
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Procedure. —Findf, the lino K Z?,. where the given lino 
and curve are at 'the least distance i).part, and ‘mark the 
point D. ' 

V . 0 l ‘ 

Draw a line through B and D, producing it until it cuts 
the given' curve at a poii\t P. t 

c. 


P will, be the other \!’nd of the required eurve*(ni., 11a), 
and its Radius wiirbe:-^ 


R = Ho X 


PB 

PD 


Problem No. 8 (P. L. C.). «Case*(3): P. not in L. or G. 

(Fig. 14.) 

it 



the given curve HDK whose Radius—R^. 

Wr ^ 4 

ProcedChe.—F ind the line D(' which represents the 
least distance between the given line and curve. 

Si« 

Produce the line through D and P^^ to cut the given lino 
at*^. ^ , 

Measure DC'«=d=eO', PD«e‘=C2^ JP«^=lir, and 
Ro=300'. 
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CUHVE PROBLEMS. 


-•-r-i------— 

Then the distant m = J G ; ((!, being the -springing 
pojnt of tlje required c«rve) may be fiimnd, thus; — 


m 


.= v 


(^ 


f+ 0 + 


•( 43 ®) )• 


= V11? X (117 + g2 + — 

==" ^117 X 5§6 


') 


= ''66222 

-From .7 loeati- point G by the distance m. 

'I'he other enc^ H of the required curve, namely "where 
it touches the given curve, may he found by jiro(lucing*th(' 
line through G and D until it cuts the given curvi' at a ])oint 

H (111., lla), or otherwiso, I) H - -- 

• ■ • IJCr 

To find tJu' Radius (R) of the rt«quired curves because 
in 4he triangle G H 0^, D (i is ^rallel to G 0^, 

R . an 


Therefore, 


Ro 

_ Ro X GH 


• (vr.—2.) 


R 


DH 


The curve may then be set out as in Prolilem 5. 

If the. point J is inaccessible, J G may be calculated by 
trigonometry, working from the tryingle* 6’i) P, the sides of 
which may be measured. ^ * 

The sblutioifgiven above is arrived at by fmagiuing CD 
producc^d through the centre of the circle to k, and an 
auxiliary circle ^e.scribc'd through'the point.s CD^E; tlu'ii; — 

DF X PD =-- DC X DE (11*?—*5.) 

DF = 

PD 


Also;— 


to 

JG = ^JP x*JF (III.-36.) 
but. JF =^JP -hPD-C DF 
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Problem No. 8 (P. L.'C*)* Case (i)i P. on Uie line which 
represents .the 4east distance •between the^ given yne 
]£nd curve. (Fig. 15.) • ’ 

In Case 3 is illi|stratecl what di’ky be termed a general 
casi* of li^roblom 8, biit the special case now to be dealt with 
"is,more likely to occur fti practice. * 

Exa»Ipi^e.—F ig. 15’^hows an example wlierc a curve of 
400' Radius (R^) springl from a*straight, in a double line of 
,*1failway. 

it is desired to widen the space between the roads from 
6ft. on the straight, to 7ft. 3in. an tht* ci»*ve, to allow' for 
ovcrtlvow of vehicles. 

( 

I 



'rhe same‘reference lettta-s are used as in the previous 
ca.se '■ 

Procedure. —First decide where P shall lie on D C, 
thus fixing e and £. .Theh because f + e = d wc have by the 
previous formula, ‘ ^ ,. 

, m = \/ f x.|d + } 

Neglecting'-ei'.'j first d, ^ 

m = V'XEIZM 

. e 

2 

^ (Rule C 1 approx.) 

2f , 

So R = t A X A 
e 
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In the example have f aw | tof d, so o is d, and 

Ihorofore, , • 

• • . , -u— • 

111 = ^'^6 X d Ec 
= *v'6 X 1-26'X4400' 

=* 54*77 ' (in Ijie example.) 

R = RoX4 ^ • 

— 400 X 4 ==> 1600* (in the example.) 

The point of contact with the original curve may be found 
as in dase H:— • • 


Dll = ^ (appAx.) 

• 

2 X 400 X 1-25 /. /v 

= — _ - =18*3 (in the exar^ple.) 

54 • 77 == • . 

'I’o sum up. wi' find that by commencing at a (list.inco ol* 

X d*X Rq from Tihe tangent point, and laying the innei® 
rail of the (ift. to a radius of four tinfos that of tl¥‘ original 
curve we obtain i* of Die fncreasc of space at tlu? origin.ii 
tangent pifini. • ^ 

Similarly, it may he slwwn that by, commencing at 


‘'''"2 X tl K Rjj and using a radius of 2 X R^), wo obtaij^ ^ of 
the incri-asc at the, tangent point, 

It may bo noted that a transition curve would form a 
better, though not so simple, a solution. 


The clearance between vehicles on* the adjacent roads 
must be tested by travelling outline; diagrams of the longest 
and widest coaq)ios in usc^ over the plan o| the roads as 
arrived at by any of the above methods. 
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Kxample.—A cur\*d is rcquind be tangential to the 

tlirc'e given'lines A B,oC!D, and EF, 

, « ' . * « 
pRobE*>URE.—Produce the two (Alter lines until they 

intersect the production df the innef'«line at Q and HA 

. I 

Measure the tangents of the half angles pf intersection 
'(DI and Dz), or obtain their Right An^e Measure-(Chap.XTl.) 

The Radius of ^he 4urve will be :— 

R =- OH -4- (Tin Di +*Tan Do) 

' or J{ ~ G H X the sum of the Right angle Measures of 
the angles Di and Dg. » n 

In the example:— r ■ ** 

R = 288' (il -1- -C.) 

VlOO 100 

= 288* ---. 

* 100 

The distance Ti, from G to .the springing point S, will 

Ti = R x’Tan D:^ (Rule C 44.) 

or Ti == R T- Right Angle Measure of Di 

f ' I I 

Tr'= 300 X 168' 

100 = 

Similarly, 

Tg = R'X Tan Dg 

Tg.-f^ 300 K i5- =* 120' 

^ 100 = 

When the distances 1\, and are set along line Q H, 
tlic) should in^et,nt the point where tho curve touches 
the middle line.”^'*" 

* 

Other points in tho curve may be set by methods 
already explained. , ' 

The proof iof the^ solution is /is follows :— 

^ ‘ Ti=RxTanDi * (Rule C44.) 

Ta = RxT^o Dg _ „ 

By^addition Ti “hTg = R x (Tan Di+Tan Da) 

but Ti+Ta = Qli (a kno'wp dimension). 

R = GH -5“ ('Jan Di Tan D^O 
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cun vs PROSLEMS. 



Example.— A curvi- ,c>f radius R"3()()' ia» fcqflirod .to 
touch both tho given line .1 B and the given curve D E F, 

Radius *Ec ~ 200 ' *** 


PI(E.--Produce tljc givi-n curve until iis least 
distance, fj H - d. from the li^ne. can bo measured. Su*)pose 
d-30'. 


'I’o find the springing point J of the required curve, 
calculate the: distance J (f — ixi, using fhe right-angled " 
triangle Oi Og K. , 

• 

. m = (r.r 47.) 

== v'(R - R”)'^ - (R - RV- d)=* 

=» '■'d”(2T'-'2Bc~--'d) 

=" v'30'xT^o-Tdb~Toj’ 

= '^30 X170 

= ' 5100 

=z 71-4' 

The other end of tho curve may be found by producing 
the line through J H*intint cuts the given curve at E pdint 
E (Til., 11a), or all^matively; of ter measuring or calotjbitmg • 
“ ^ 107 









GHAPTER’ VII. 


J H, because in the triangles J 0 


HOn : - 


--rt- 

, I , J Oj is ' 


parallel to 


HE E„ =-- *JH - (R - BQ . (VI.—2.) 


HE = 

, R ~ Rc 




^ 2Q0_x 77*45 , 

(. loo’.. 

*= 154*9' 

_ , 

Knowing the chord J K mid the Radius, we have 
information to set out the curve. 

^ A 


Problem No. 10 (L. G. R.)., Case (2) (FFg. 18): Required 
*QUPye of less radius than given curve. 



This ease may he sblved in a .similar manner to tho 
above, but:—| • 

m = ''dT2'Rc - 2R - d) 


JjB 


R_;x 

Rc'^R 


1 


Problem No. 11 (P. P. C.). Cese (1) (Fig. 19): GF.ien 
points to outside of given curve. < 



FlC.gD-l9 

. * 


r 


ountari/curve 




_CURVE PRO BL EMS. 

Example.—A. c|iJvc' is require^ to pass through tho 

points P| anil P^, anif to touch the given curve EFQ, the 
rf4(Jius of ivhich is '^OO icvt. . * . 

•PROCEDi'RE.— Se^^out a cu/ve Pi JfP.. of tlie same 
radius as tlu- givon cnrva but to pas'^ through points 
(I*rof)li'u* :i). 

Produce.' this ourvo to cut the gif.cn curve J. 

• • * 

]hs('cl' the* angle F J bi'twcfn the two curves by the 
Tine J M. I'hc tiui'ly dotti-d liiu s show how this may bB, 
done. 

• • 

Product- a line through P^ to cut J M at K. 

Eruin point K draw a tangant touching the givefi curve, 
at F • 

Note that KF --- \ J<P., x frPi (JTIf—36T^ . 

F will be thejjoinl, where, the required curvo^touches 
tiT'' givei\ curve, and tin- former mav be set out by i)rocedui1‘^ 
of I’roblem Xo ."i uv No. -1. . * • 

To tjjlain tho Kadius, join ^*’Pjj and measure an 
ordinate 0 from line Z^’Pg lo P^ then :— * 

R =. ^ P i P? .(y^„le 3.) 

2x0 .« 

Problem No. 11 (P. P. C.). Case (2): Xiliven points to 
inside of given curve. (Fig. 20.) 



Tho procedure is exactly as in tlie,prece<4ing case. 

It may be noted that in either of the above cases, 
another cii]^;vi‘ may be drawn, *pnssing first through one of 
the given T)oints. nex^ touching the circle, and then passing 
through the other given,point. Such a curve will not 
usually be required, • 
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CKAPTEir VII 


Ij--- 

ImpPOTemont and Re>eli^nment of Curves. 

» 

With the c'xpeptfon. of certaint problemR included,in 
(.'Impte^ X., this subject ^will not bo sf)ecially dealt with, as 
Jt ia considered that if a curve hmitbccome Irregular*or is 
otherwise faulty, it should usually be re-located on the basis 
•that it must fulfil certam conditioni#, probtibly the same as 
it was ori^iqally inten(i?d to fulfil. I’he procedwre will thus 
1»> the same as in fhe seeing out of a new curve and will be 
covered by one of the preceding problems. ' 

.In the rnainl(‘nanj’(‘ of traek it is iinportant that the 
Vt rsed sines taken thronghout the length of^a circular curvi‘, 
on overlHp])ing chords, should be maintained as nearly equal 
as possible. In the ease of transition curves. y)ennancnt 
ina rics or “ nionurnents ” sho\ild be installed to indicate 
fiu-Turrect position of thf* rail and super-elevation. 

* I 

In inaiiv cases, the method of ^fr. W. H. Short t 
^'X])lai^ed in the Proc.Iiist.C'.K.. Vol. 17fi, ‘may *b<* 

employed* with advanlagt* the re-alignrnent of exislpig 
curves, lly this method a “ chord survey ” of the existing 
work including the obstructions and clearances, is plotted 
to a distorted scali' so that sinall irregularities may easily 
be det^ictcd. Mf-. Shoiitt’s method has b(vn largely used on 
^thc'T.. Si and other Eail\\avs, and it has been 

developed to n biller extent sinee the. paper was written. 


X .. 
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ClIAPTEit Vlll.—11EVEB9E CUBVeS. 




CEUV.FTER Vm, 

REVJ^BSJ'] COMPOUND CURvfis. 

- • 

• llKVEKSJb; CURVE liliOEI.EMW. 

Rcversy curves arc of frc<iut‘ii|i occurrence in ruihvay 
practice; for example, where trsvji^B ute diverted to run 
a,loiigsitle platforms or ovl^* tompofury bi^clgos, and in the 
connecting of two adjacent tracks. *• 

A length of straight should int^'rvene betwet'n ri'vers*' 
curves, dependij^g upon the spaet'. available, and the nature 
of the. trafhc. The minimum^ length of straight should be 
long enough to contain all Hie wlieels of the longest fixed 
wheelbase, though it would be better to contain alf the 
wlieols of the longest vehicle. •As an ideal, and*-*v'iIvciT’’'' 
consiflerable sjaa'ds oblaiili, the Jengtli should he sutlicient 
allow for trarisitijju curves, with a gradual reversal of the 
siJjier-eTevation due to the circular jjurves. Jt is believecT 
tlyit ill no [in^vious treatnieut n>vcrsc curve pitibleins by 
calculation, has the straiglft lengtli l)een taken into account. 

Wlien the straight is absent, ^lic curve is nanft‘d a 
“ Direct Reverse. ” • 

Pro-b. 1. (Fig. r.) Direct reverse*curveS equaf given 
Radius (R), to Join two parallel llhes at a given 
distance (d) apart. To And the farther requisite, 
dimensions for setting out. 

FiGVin-L 

JT' -C- f --- *\B 


(Jiventin^ 




*In Fig. 1 the given lines are A B and C I). 

The point of reverse in cnrviTture. E. obviously lies h.'rif 
way between the given linos jind half wa^’ botv\i«.'en A and D, 
which will be the tangent points. • * 

.4 E = E D — the Sub-chord ) for an arc of which the 
Radius-R,'and the Versed sinc=--^ d, then: — 

Cs = x \d1<“l (Rule C 17.) • 

.=vr>rR * 
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CWAMKll VIJI. 

Locate the springing points D by’the skew 

distunccfhet'sj-een them, AD x Cg, and bisect it at K. 

In suiting out’the curves, use tlie chbrds A K'arid K fJ, 
Liking; ^ ^ (appi^x.) 

or use the exact TluIe^'Xo. C 7. 

4 

If rc quircfl, C -- .4 Ji ^ V J /;2 _ d'-* 

Prob. 2. *(hig. 1.^ Dineot reverse curves as in the last 
problem, but Instekd of R,* the length C is given. To 
find R, etc. 

^ d is a Versi.‘(l sini* for the half chord, C, so: — 

, * (From RulJ C1.) 

Ifhe curves may then be sot out as in the last problem, 

Prob. 8. (Fig. 2.) Direot reverse curves as in Prob. 1, 
but of unequal Radii (R^and RJ- Distance apart 
ot parallel lines=d. . * 



I’hc springing points and D may be located by the 
skew distance between thern .4 D, or by the Iqngth A B. 

= V2d X (Ri+Rj 

AB=Vd x' (2 Rr+ 2 Ra~ d) 

• otherwise = —d* 

To fin^ tltl* reversing point F ; divide A D into two parts, 
J30 that one p'art is to the other ns R,^ is to R^, that is: — 

D E ^ Ri 
A D — DE Ra 


:.DE=- 


ADX.^^ 

Rj. + Ra 

« 
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REVERSE CURVES. 





CHAPTER VlII^__ _ 

Proof. —Prom Rt-. A. triangles cIIt E and O 2 HB, obtain 
sides O E from knowp bides marked R and t 1. Then from 
Rt. A. Viriangle 0i02S obtain Oi 8 =vq.' • 

The derivation of *the Rule t is blio lengtjiy for 
inclusion. c 

• t 

Prob. A. (Fig. Reverse curves as In the last problem, 
but^instead of^Uie Radius, the length* (m) of the 
curve, over all, !s given/ To find R, etc. 


From the last problem: — 

ur = Ud X R) + 1“- d^ ^ 
. /.in-- F + <i*=4d X R 


that is, R 


." 4.1 


Tlu' tangent lengths^ t, aifd the Vers<’d sine, 
then I'e obtained as in Problem 4. , 


V, may 

4 , 


Prob. 6: Reverse ourveEb of ^iven radius to join a given 
point In one line to another line apprpaching the 
first line at a given angle. To find the requisite 
dimensions. 

< 4 




Tn Fig.'4, .4 B and LN arc the given lines approaching 
each other at an angle E°, which is known or may bo 
measured. » 


^aee 1. (Fig. 4.) Let 2^ be the g^ven springing point. 

’’ Measure the distances boKv^en the lines, h, square to 
Lti. and b, square to .4 B ; also measure p. 
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REVERSIS CtittVES. 


Note that the an^|5 marked £! afe equal. 

. With regard to the angle E calohUite the suh-chord N D 
and the V«sed sino*(^J?= P D. ' * 

*ND = 4R X Sinei E° 

= (✓h^,b -t- / 2h r • 

PD = ND»-i-2K - 

• m m 

Otherwise, if P D is required.grevidhsly to N D, 

P D = 'R X Versed sine E® 

= Rx(h~b)^h* 

Using and PP, fix point D. 

Then if a line DC- is drawn parallel to A If, any of the 
types of rc'vorsc cufve previously treated may be ealculwted 
for. comnieneing at point D. I'he parallel linos will — 

and CD as in previous problems. Their distandtj-apart, d: 
will be, b-i QD. * 

It ntay be noticed that the nieiisivcments h, b, and p, 
are. used to obtain the ratios %f the angle E. a better 
meChod is to obtain them*by a line parallel to DN and 
cutting Aff, but the above method is? used to simplify Ibe 
(‘xplanation. • 


Case 2. (Eig. 5.)* Let the given epAnging coint N be'at 
the end of the curve further f^m the intersection of 
the given lines. 

Referring to h'ig. 5. the e.vplanatiun for Case 1 will 
apply word for word. • 



*• These rales are given so thatTngonopetry may be dispensed with. 

if i^is prefenm to do so. 
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chapt:^ VI n. 


Piob. 7. (Fig. 6.) pir^t ifeTersatcmnee of Radius,' 
td Join a ^ven^poiiit ^ :lh a ifna 4 Q, to a ^van point 
kT in a second line £.^,. a^pli^ing tlie*flist liiv» at 
a ^ven angle E. ^ To ^nd the Radius, etc. 

Thifi and the stt;ce6ding problem are the most difficult 



iiir.-^l mea.sure tlae crOf^s widths ii, g, .ind i<, and,lho 

length = Cot E. 

g - k « 

« Next CMlculate tiu' distances x and v, fruAi the giv(*n 
points, to th(* point J, where the lines would meet if 
produced. 

. * • • 

y == { X Cot E, or -- -- (- 

g - k 


X »- k X Cot E, or 


k X 
g " k 


R 


)/i (x" -fy®) + ( x 4-y )^ Tat i^ i«E — (x + y) 


NOTE.-*-Tln i B = 


2 Tan | E 


Then calculate N D and I^D, and fix point D iis in 
^Problem 6. Bisect DA for ]ioinl. E, and set out the ^;urves 
as previously shown 

Pu(?c)p.—The above solution is arrived at by finding the 
values of the sides of the right-angled triangle Oj Og S. in 
terms of the lengths x and y, the Radius, and the angle E. 
Equating the squares on these side%to the square on Oj 0^, 
that is (2B)2, we get a rule»for R. The details are too 
le^thy for inclusion. ■ ' ' , 
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__ 1 ' _ KEVE R^ *OURVltS. 

Prob. ^¥eiiiMr‘oiiri^iBS |s in the last problem, 

but wf^ a .length of <1) between. ‘ To find 

the *Radtus, ete. * ^ * 



The first proci^lun- will bl- .is in the* last jirobloin, J)ut 
tho Rule for R will be; — 

_ __ •_ ". 

✓2 (x“ + y“)-l“ r{(xT ,)'=-!=; Tan'‘i E-(x+y) 

R=._ ^ 2 fun I k • 

^'I’lio procL'durt' will then bo «s in Probh'm (i. * 

PuotiF.*—Till' solution is arrived on tbo lines of J[ho 
last problem, eonibincd with those of Problem 4. 


• • * 

rOMl’OUND C'l'RVRS. 

A curve whicdi is t'ornied of two simple ?ire,uhir curves 
t-.in^i'ential to each otlu'r, and of similar flexure, is known as 
a t't)mpoiuid C’urvo. , 

In Chapter Yll. it is ^.tated that a sinmk; curve is 
di fined wh^n it hfls three conditions to fulfil, rt four similar 
conditions to those mentioned arc laid down, a number of 
compound curves may be drawn t^ fulfil them, md it needs 
five conditions to be given, to definitely tin ith? particuliu* 
compound curve. 

Jn iiractice it is seldom noct'ssary to deal with purely 
eornpSund curve problems, becavn^* they generally may be« 
• resolved into two of the problems in simjde cujjves already 
dealt with. • • • ♦ 

Anotlier reason for not devoting much attention to 
such problems, is the fact that if we have to spring a curve 
from a point B in a ling A Ji, Pig. 8, to touch another lin% 
CD; then the simple curve drawn from B to E and 
connecting the two lines, \^ill be flatter than one of the two 
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cH AyiER Vm. _^ _ __ 

parts of anjr compoiiiid curve' spri^ng from B to connect 
the line's, jsuch as thg part B F of the curve B F C. 
i 



« 


Prclf. 9. (Fig. 8.) To join a ^Yen po|nt Ji In a given line 
.1 B, to a given point C in another given line CD. by 
a.compound our^e; the given points being at unequai 

^ distances from the intersection, I, of the lines. 

It uill bo noticed tlmt only four conditions arc given, 
and that a fifth is nocossaty tq tix the curve. 

^ This fifth stipiil 4 \ti()ii may l)e that the curve must pass 
through a given point between B and (\ sucli as P, or again 
that the radius of one part of the curve nin\ be fixed, etc. 

‘ *Such Ciises may* usually be solved by applying first one 
and then another of the simple curve problems of Chapter 

vn. 

For instance,,in tlie first east', draw a curve springing 
from C to pass througlv P., Problem VII.-l, and then draw 
a curve springing from B to touch the first curve, Problem 
V11.-8. »■ • • 

If thp second curve does not touch llu? first until it ha ^ 
passed point P, reverse* the operation l«r first drawing a 
curve froni^ to pass through P. One of thest* operations 
will usually either satisfy the eruditions, (jr w’ill as netiz-ly do 
so as is necessary. 

• If only the four conditions first mentioned are fixed, a 
suitable coenpound curve may be put in by either of the twef 
followiifg-methocfs:—■ 

Method A.—Join the given points B and C. Bisect 
angles I B C and I C B. 'Ihe intersection F of the bisecting 
•lines will be the tangent point of •the two curves, A Uni* 
G H parallel to B C, will be a common tangent to the tw'o 
curves. 
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UEVEnSE Ct’EVES. 


Each curve may tlTcn l;c! set out* aa shown in 'Chapter 

VI Method B. . • . * ' # 

* * * ’ • 

\^KTJi()D 1^.—-Join B and C, anfl. find point F where the 

three distances F L, F I^*d\i(\ FJ are canal, or alternatively' 
it will nsuyily he near eimugh to bisect / L at F. 

Then witji a chord 7J F juid a V(‘r|ed wine, set 

owl a curve from B to F. With the limne Vers('d sine set out 

a cvjrve, from F to C. • 

The compound curve set out by either method will be 
the same, and its purls ]> F and F C w*ll have less differertec 
in their radii Ihamtbose of any (^tlier compound curve which 
can he drawn from B to C. • 



General Mathematical FormulaB. 

. • • 

Referring to J^ig. 0. the following mathemal^.al ftjrmulaa 
may be applied to solve pure compound cur^e problems. 

They are given in an* article by A. Llano, in the 
Enginaering News Record (U.S.A.)^ Voi. 82 (1919): — 

(1) (T,+ TJ Cot i D d;(T, - T,) Cot ^ R^ 

(2) Ditto ditto + (Ta— T^) Cot i Dg*=s 2 Rg 

(3) « DO 
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CHAPTER TX. 


“ 1 - 


CH^FTER IX. 

-la 

#• 

cuhVed track, .miscellaneous idetails. 

a 

The* ih-ecedin^j cftclpters treat uptm the Oeoinetry of 
eurvcs and their settin|*out to ^erve certain purpose!^. Tin; 
present chapter will deal with detail matters arising; with 
regard to railwav tracks when on the curve. 


SHORT PRACTICAL R.ULES WITIPREOARD TO 
‘ CURVES. 



^ Rule C2 given in*Chapter VI., namely, thaf the Radius . 
(R) of 41 curve equaL the scpian* cjf the Sub-chord (t’g) 
divided by twif*e tlic^Versed sine (V), should be carried in 
the mcrnorv.^n account of its usefulnoss^ not oidy in lining 
out but in many technical problems. 

It shouldlje memorised in the form, 


.R = JiS_, 

' 2 X V 

because' in tlbit form it is easily transposed to giVe Cg or V, 
when they are the unknown values. If we transfer a value 
from below the line to the other sidi* of the t'quation, it 
goes above tite Une and vice versa, thus we*get; — 


V- Cs ^ 


2 X R 


(Rule C 9.) 


and 2 xVxR = Ca'* 


or C 3 --= 2 X V X R (Rule C 17.). 

Two ftthtT siiuido rules £b be memorised are: — 

Rule C20.—Versed sine on the Sub-chord = i of Versed 
sine on Main chord, or V = J V. 

* . • 

Rule C 12a.—Side ordinnfc — product of its distances 

AF K FC 


fr^m end of chord “ twice -the Radius,, or 


0 = 

• 2R 
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CURVED TRACK. 


II may be noted that in many cases it. makes no 
appreciable.difference ifiwe take the ^b-chord and Ipalf the 
main chord as being equal, so thaj; if 0 = the main chord, 
we hive ; — • •• 


• (C)” .c! 

\2/ 4 C® 

^ ~2rr “ ^ ~ RR IX.-4.. 

Of in words; Versed sine = Chord squared divided by 8times 
the RadiiH. 'IVansposing we gel, 

^ exvxll Rule IX.—2. 

and R - C'^ 8Y * Rule IX.—3. 

In the nl)ove rules all the measurements are in the 
same unit. It may ho use£ul to convert the rult‘A to case? 
wliere the* units vary. t'c<r instance*: — 

If V" --Velvet! vine in Inqhes. 

C--!! i of t Chain of 68 feet. 

K--Radius in t’haini^ 


R = 


•_ 1 _ 

8'x V = 8 X V. 


(All in Chains.) 


and R (Chs.) - - X 66 x 12 
8 X V' 


R (Chs.) = -- (ApproK,) Rule IX.-4. . 

Or in wordft:—To tind Radius in Chains, divilo 99 by the 

Versed sine in inches on a GOft. chord. 

• • 

We may aJse note that Radius in Chains ijs 99 divided 
by number of quarter inches in the Versed sine on a 33ft. 
chord. a 

liKAMPLE. —Versed sine 7*1* on 66' chord. 

R = 99 ^ 7i = 99-r 7-2/5 = 13-52 Chains. 

• == • • • 

• It is useful to note that the Versed sine for \0 Chains 
Radius on a 1 Chain chord is practically 10*, and that if the 
Versed sine is divided by 2 or aiiv other number the Radius 
must be multiplied by tSiat number. 

Tables 14, 15, and 16 ^ill save labour in the calculation 
of Versed sint'S and Radii with»various chords. 



CHAPTER IX. 


I - ' .. . ■ . 

ENGLISH AND AlViERlCAN 1\[EASITREMENTS OF 

Curvature: * ' 

Most engineers^ including mafiy of those* in U.S.A., 
. agree that in calculations, the Rac^ius of a curvo in feet is 
the most useful method of meaaureuK'nt. The custom of 
stating thfc Radii^s irt.-Chains of OGft. is so Established in 
this country, howeveife* that ifi cannot uell be altogether 
. discarded. ‘ 

Conversions of Chains to Feet and^r/ec versa arc con¬ 
tained in Tables 7 and H. ^ 

The method u.sed in America and most of the Colonies, 
is »to state the curvature in Degreecs* and Minutes, this 
bein^ the measurement of the angle at the centre of the 
circle wliich is subtended by a IQGft. chord of the curve. 



To find the Degree of the curve (D^V we have from 
Fig. IX., 2:- 

Sine.i D''=r)0->R Rule IX.—5. 

and . R = 50-rSine J D” Rule IX.— 6. 

To aavc*labour these rules may be afiapted'for use by 
Tables of Reciprocals, thus: 

8im* i‘D! = 1004 2R' ' , 

or Sine ^ D^ =^00 times the reciprocal of twice tlie Radius. 

Approx, rules are:— * 

D°=-.5737-^Rft. Rule IX T. 

R' = 5737 -r D” Rule IX.—8 . 

Degret of Curve = Number of inches in the Versed sine 
of d 61ft. Khn. chord. • Rule IX.—9. 

Conversions o'f Degree of Curv^ to Radius in Feet and 
chains and vice versa, are contained in Table 11. These 
conversions will be found ^iseful in studying American and 
Indian books on railway worlj. • 
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CURVED TRACK. 


* BENJ)fNG OF BAILS. 

' • 

B%U-head«.ft rails generally adapt ihoiiiselves to 
curves of over oOO feet radius with sliglut “Jim Crowing 
near the ’Joints. Bail# for sharper •ourves w^ilf neiyi 
“ crowing ’’ t|^roughout their length. , ^ • 

Flat bottom rails being hjss susceptible to bending, will 
ncrtl “ crowing” for curves under say 30 chains radius. 


The. Versed sinj;s for bending raik may be calculated 
by Buie IX.—J, those for the usual rail lengths and radii 
being given in Table 10. • 


SHOBT BAILS FOB INSIDE OF CUEVES. 

• • • 

In laying rails (m a flat eurve, ^hc supply of rails of the ’ 
standard haigth should be measured with a sU;el tap^, as 
a slight T#ffriatioji in*length wdil usually be found.^ The 
longer and shortt'r rails should bej'escrvT'tl for the oi/ter ami 
innef rails respectivtdy. • 

As the curve beemnes sharpt'r it will be necessary to 
use some of the special short lengths usually provided for 
use in curve.s. I’hrise lengths are iiswally ^ to 4 inches 
shorter than the standard length. With 4*indkies decrease, 
a curve of 4‘24 feet radius will need one 29' S'^rail to every 
30 feet on the outer rail. With 2 inches dt'croase, a curve 
of 1270 feet radius will need one 44' 10" rail to each 45 feet 
on the outer rail. • , 

With cwrves aiiarper than these, rails willlhave to be 
cut for the inner rail. 

• • 

In any instai^^e, the procedure may be ^^s fj^IIow's; — 

First obtain Badius and Length of curve on outer mil. 

FTxample.—B adius, 12 *chains = 792'. Curved length, 

020'. Standard rails, 30' Short rails, 29' S". 

• ' i 

• The outer rail will need 620' 30=20 rails, an^ a closure 
of about 20'. • 

Consulting Table .17, we see t^at with 80ft. rails and a 
radius of 798ft., the nearest to that in hand, the decrease 
for each rail IS 2^ms. ^ 

The total decrease will be*20 x 2|f'a=42|*. 

- — - ; — - ! -: - ^ 

* ^in. above ot*below the etandard j^gtb la allowed by the Briiuh 
Engineerkig Standards Assooiation. 
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A^each short raii gives 4ins. decrease, we shall require 
42^-r4 = 5 ay 10 short rails. These should of course* be 
distributed in the curve" at as nen, 7 jy equal (distances* apart 
as possible. In thi| case a short and full rail may be laid 
alternately, , , , 

V 

Thc.ik'jles for fin^jling the decrease of the inner rail are 
derived thus: — * 4 • 



erring to Fig. 3. * ^ 

If length of 6uter niil. R^Iladius of ditto. G = 
Gauge, d —decrease of inner r;xl. (All in feet.) * 


Then by proporti^m: — 

l-cl_R-G 

1' ■ k“ 

* Rl-Rd -= Rl-G! 
R(1 == G1 


and 



Rule IX.—10. 

c • 


Or in word.s: To find the decrease, multiply the gauge 
by the rjtil length and 'divide by the Radius. Multiply 
result by 12 •to Ipring it to inches. • 


From above, R ^ —- -, up*on which rule Table 17 is 
.based. , * 

To find the decrease when the length (I) of outer rail' 
and Versed sine *(V') on it dre knowm, comes easily from. 
Rule IX.—10 and, ^ 

i = (allinfe6t> Rule IX.—11. 

From this rule Table 17a is obBained. .Table 20 will 
serve for applying Table 17 to other granges. 
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curved track. 


\BUTT>Tr EADII ©F GURVES*FOK VARIOUS 
. PURPOSES; • 

'J'hc amount of curviiture of any tra^k. measured either' 
by the EacHuH or the Decree, is a vcjjy important qilcstion. 

The sharper the curvature, i.e., the less the i^jidius and 
more the degree, the greater the strain anR wear on rolling 
atopk and permanent way, afld the more the engine, power 
required. 

An American J'lngineer givi‘S the following ligures 
showing the relutij'c rx^iewals of straight and curved track, 
based on'observatioiis of 114 inik*^, ovt-r a period of d8 yvars. 


Straight. 

-* 5“ 

Curves. 

• • 

I'OO 

; • . j 

Under i'’ l« to 2’ 2 ’ to ^ 3" to 4 ’ i 4^ t« 5" 

• 

i ,• 1 . 

(87 Chns./87 to 4;3^;(43no {±) to 22 i(22 to i7i 

.Ea,dius) Chs. Ead.) Ghs. Ead.j^lis. Had.) Chs. Ead^) 

i 1 ' ; • 

1-00 j • 1-08 1 1-31 • 1-357 1 l-4r . 

11 • • 

1 ‘ 


With regard to the additional tractive force required to 
overcome the resistance on curves, it ha?^ been estimated 
that it takes double the force to draw a train at a speed of 
25 miles per .hour ^n a curve fif 5t)()ft. radius, wiiich it docs 
to draw it at the same speed on the straight. 

The ideal would seem to be'to provide th^ easiest 
curves, within reafon, which the available sjxaci*will allow, 
at least for high speed trulhe. There are instances, how¬ 
ever, Vhere better results iftay be achieved by increasing 
the curvature on certain parts of tln^ line, in order to 
introduce transition curves or to* lesson the curvature 
tlbrough points and crossings. . The latter, bccafise^super- 
elevation with its steadying effect, is difficult nearly 
impossible to obtain, and also because sharp curves through 
diamonds should be avoided where reasonably possible. 
(See Chapters XVI. and XX.) 

Where points and crossings fire concerned, and the 
speed is modejate or ^lovv, we may naturally take intfi 
account the extra cost* of lengfhy junctions and turnouts 
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which may be involred by using very flat curves. For 
instance, jfc may not be ‘economical to lay an ordinary cifjss- 
over roa(f to a radius ^eater tha^ about 1(\.chains., This 
leads to the question of what are sditable curves for various 
purposes. In points and crossing work permanent way 
w6rker.s are apt to overlook the question of curvature, and 
flrst de<yd« upon. vvhd[t angles of crossings luid lengths of 
switches they will useA ‘ This i^ a wrong procedure, and the 
first question should be, with certain few exceptions, what 
radiu.s is required? 

Curves usually adopted on British Railways of Standard 
Gauge and with important traffic vary considerably, but the 
follo^dng general notes may be useful: — 

t 

^Mala. Line Curves entailing no reduotion of express speed. 

• ^ ^ 

The minimum radium depends chiefly upon the design 
and (wndition of the permanent way ivnd rolling stock, ^md 
whether tiansition curves arc used or not. The qiiostion of 
speed in relation to radius is dealt with later in this chapter. 

With first-rate t^ack and rolling stock, and speeds of , ^ 
about 50 miles per hour, it js suggested that 20 chains for 
plain litfe with transition curves and super-elevated, and 30 
chaiiis for pdints ifnd crossings, be ‘considered as the 
minimum rad^i. 

Reverse 'Curves (Chapter VHl.) should have a liigher 
limit according to the length of straight or transition 
between them. » 

4 

The above limits must onl^? be taken as a general guide 
subject to the special conditions of each chse, add it will be 
evident tljat there should be some reduction of speed on 
curves exceeding these in radius, which irmst be left to the 
discretion of thi. engine drivers, who shomd be acquainted 
with Rule No. 148 of the Railway Clearing House Rules. 


.Curves whioh call for definite InstraoUon& to be issbed t» 

roduoe speed to certain rates. ^ 

% 

Th^e curveif are usually listed in the Working Time 
Tables and in some cases warning boards arc erected or 
distant signals a'K kept af danger. 


• It should be. noted that fee American Railway 
Engineering Assoeiation; eonsldqr& otirves under- ft® (14^ 
clfaips) as speed limiting* curves, and tlw IndiaaJljasetnj. 
meni limit (6' 6" gaug®), “ 


CURVED TRACK. 


Absolute minimum radius of cum bpon which main line 
« en^nes have to ru)i. , * 

Such curves occur valutitlc properties or other 

obstructions have to be avoided. In this case the wheel' 
arrangenieirt of that engine using the lino which iS leasit 
adapttid for tnivc'lling on curves, will determine the. radius. 

4IK) feet is a conmion limit, hutj^um^' railways adopt 
a ipiniiuum of 7 chains, ht general. Goods Engines are 
eoTiatructcil to t!ik<‘ sharper curves than Passenger Engines 
(see liit(‘r). 


Curves for Fork of Connecting Lines. 

In these cases, whc're speed is moderate, and econon^j' 
ill lirst cost is (h‘sired, 12 chains is suggested as a suitable 
radius as it makes a fairly easy curvf>, and no chtick rati is 
necessary. * • 

il’he junctions, bd».vever. should have oasii'r curved for 
reasons previously given. 


• • 

Curves for entrances to Running Loop|, 

The radius may vary with the type of loop. Fast, Slow, 
or Goods, but in any ease it should allow for the emergenev 
of a fast train taking the facing jioinls tnto the loop ov# k 
ri-verse curve. In good practice the loop inlet? and outlets 
are made 30 chains radius if possilde. * 


Curves for Junctions and Cross-over Junctions. 

The radius for these will depend upoif the nature of the 
traffic and tin) .spne 4 ', both in length and yvidth. Svailable. 

On the question of obtaining the easie.st curve.s for fast 
running in all directions, reference •should be made to the 
International Bail^-ay Congress Report of IftOO,*where the 
limiting angle of Vee crossings is taken as 1 in 10, and of 
Diamonds as 1 in 8. * 

In Studying this question, the Chapters on the various 
arrangements of Points and Crossings should be consulted. 


Curves for Siding Groups. 

In Sidings, the most standing*room for the least land 
and material used, is gen^jrally the desired object. 

The curves, therefore, .n!ay approach the minimum 
radlljs allowed for the engines. It Is^ advisable to keen, thtf 
curves fairly unffomi in Radius, eRpecially, in Sorting Sidings, 
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etc., KO that the Shunters nv'iy become familiar with the 
resistance of the curves. For instance, the »uling rpdius 
for the first mar.shalling sidings at Edge Hill, w'as 7 chains. 

Curves for Gross*&ver Roads and Shunting Connections with 
the Main LlneM ( 


A common radios for the ordinary trailing cross-over 
road is 10 chaiiis. ’^Vhere the main linos are on a sharp 
curve, the turnout which curves in the same direction asjbhe 
main may have to be reduced in radius to prevent the 
crossing angle becoming too flat. 


MINIMUM RADII 01’ CURVES UPON WHICH 
^ VEHICLES WJJ.L TRAVEL. 

This question arises in Yard and Sidiflg Work, whore 
speed need not be eonsfidored. 

The rules given boldw allow a less radius than is usually 
arrived at by calculation. They wiTl, however, be fDUiid 
reiisonqblc in practice, 

i» 

It may be noted that if l.he calculations are based on 
n'w tyres and rails, a margin of safety arises when either 
the tyres or rails are worn, or the gauge is slightly widened. 

Referrin^f to the diagrams, the following symbols will 
be used: — 

■ t 

ric.i£-4 . Section Af/W. 





CURVED TRACK 



R.#Min. radius of curve upon which the vehicle will travel. 
B. Rigid wheel base of trucls* i.e., distance between • 
axles of wheels in question. • 

T. 'J'hickness of wheel dnnge obtained by baling an 
outline section of the ty^e and placing it against 
the outline section of the rail as closely as possible • 
and yet maintjyning the tyre tread in contact with^ 
the top of the rail. • 

Then T^thickijess from back'of tyre to edge of raU, 
(See-Fig. 4.)^ 


B 
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Ti "Thickness of,wheel flange obtained hy placing section 
y. "x)! tyre cl6se. against rai^ as in Fig.,,5, the ^read 
standing at half the flange depth above the rail, 
as at H in Fig. 6 . a, ^ 

E. Clear distaf3ice between backs of wheel fl,anges. 

P. Total play befWeen wheel ^flanges and rails. 

, * P=Gauge —E-2 T. ^ 

D. Depth ot whetii flange. 

W. Kadius of wheel at half depth of fljmge (Fig. 6). •* 

A. Length of the portion of hall flange which is behw 
rail top. *• • 

A ~ ^^8 X iD X W (From Rule IX.—2.) 

To And minimum radius (R) upon rurhioh a four-wheel 
vehicle with rigid wheel base will travel. 

. "The ■calculations ^I'ill also apply to bogie vehicles, in 
which case it is onlv neev^asarv to consider one of the trucks. 

v •* 

Vig. 7 shows how the flanges wilTlie with regird to'the 
rails. The flanges tdone are shown and these by a sectioii:iJ 
plan at half their depth, i.e., >\a if cut through on the' line 
// H (Fig 6). This jls because the assumption U made that 
at half its depth, the front part of the flange begins to touch 
the rail'. 

. '®This is where the rules differ from'those usually given, 
in which it fs assumed that the flange touches the rail at 
point J, h'ig.nfl. 

Fig. 0 shows in dotted lines the relation of tyre to rail 
at point J, and in* full linos the relation at point H'. 

c > 

The flange thiclmi'ss to be taken will be T^. 

From Fig. 7, by Rule C 3, it will bo seen thnt:~ 

R = R"l« ix.-i.12. 

- 2P 

Example. —^Gauge, 4' 8^*. Wheel base (B)=12'. 
Diameter of wheel on tread, 3' 3^", therefore. W —2(/. 
E = 4' 5^". Tyres as in Fig. 5, i.e., ^ D = say I" anfl with 
^ these tyres '1\ will be 1*. 

/P = (4* Sr " 4^ - 2") = 1" - 

A -* Fb X 20'^ (in inches.) 

, = FSO =■■ say 9" = l\. 

ByRuleIX.-->12,R===i^^;^=-?«9x6 = 5£ra^ 
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In pra ctice. 60 feet ia*the usual linlitiag radius adopted 
for four^heeled wagons'of’^tVdilt ' 

To findithe minimnm radius (R) upon which a sflL-wheel 
vehicle mth rigid wheel base will travel. 

Fig. 8 shows how thcrflangos will .The flange thick- 
noss in this citso will be T (Fig. 4). . * 

We get an arMitional dimensioqi’^M, •which *rrray be 
called the freedoiu to move of •the inidale wheels out of line 
with thf itkI wheels. 


'rile liiniting Viidiu.s will be seen to«be that for a curve 
ivhos(* c-hord is and Versed sine M + F, and thus from 

J{ide(.'2;— • 

R ^ 2 (P + M) Rule IX.—13. 

Ex.vmi'LK - (l:uig('. T 8^^ Wh^el base Play 

of wheels (P)---|''. M—l.J''. Wht'els as in Ja<t exaimde, 
that A --*9" - -To'. * 


B - 


U") 


= 9-375’» 4-31", 
= 87-89' 4- -312' 
-- 281 ft. 


200 feet is usually adopted as the limiting radius for 
six wheeled wagons, but the gauge is taken as being f" wide 
thus increasing P by that amount. 


To find radius whjoh will avoid rear wheel flauge bearing 
against inner rail. 

According to A. M. Wellington, a rigid truck passing 
round a curve assflrnea the position shown in. Fig. 9. that is 
the rear axle is on a radius line of the curve, unless the 
curve *is very sharp, when *the rear flange will touch the 
inner mil. 

. Spiller adds that the rear wheels will slide across the 
rail when the centrifugal forc^ increases syfficieifb^. 

It may be desired not to use radii below which the rear 
whepl flange bears against the inn^ rail, in w'hich case (from' 
Rule C 2), ^ 

Min. R ^ Rule IX.— 14. 
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LoGomotlfes on Curves. 

4-s the wheel atrangements apd the devices for suiting 
engines ,to take curves^ are varieci, it is difficult to fnake 
calculations. t t 

The ininimunr radius may be arrived at bv making a 
large scale plan of the wheels in ♦their position of greatest 
allowable^ movement out of line with each oilier, and then 
finding'the radilis o'^.a curve which will just touch the 
danges at the crucial points.'' , 

Amongst the devices used to efiable engines to travel 
on curves ar(^: — 

Bndial Axle Boxo,s (.see ChapterolJ.). 

M Bogie Trucks (see Chapter TI.). 

Pony Trucks (si“(‘ Chaph'r II.* 

Wheels having thin flanges on the tyres. 

Two or more flangeless wheels. 

o 

* WIDENING OF OACCrE Ols CURVEf^ 

From the foregoing (v':amples it will be seen that if on 
curves the gauge is widened. Vhen the play between \Uieel 
fl:-rig(i and rail is if.creast‘d, and thus the pifJisage of the 
vehicle, is made easier. 

. Further, .when 4 -v\e get below the. absolute minimum 
radius, and ,‘i truck is “ w'heelbound," refusing to travel 
with normal gauge, it will do so if the gauge is widened. 

The following methods of calculation may he given for 
the Increase of tirauge to suit the simpler wheel arrange- 
nnuita. These w-il! apply to sidings, etc., w’hcre the traffic 
consists only of the kind of tracks in question. 


For four-wheeled trucks. 

Referring to Fig. 7, an increase (I)*-of gauge may be 
made, equal to the decrease of flange play (P) due to the 
curve, and w'c get from Rule CTit: — 


T _ B X A 

2R 

r 

By this rule a usual tyfie 
would need:— 


Rule IX.—18. 

of 12ft. w'heel base wagons 


c 



Radius. 

200 ' 

10(y 

75' 


Increase of Gauge. 

r 


r 



CURVED TRACK. 


Fop six-wheeled tnioks/ * 

^In thi^ case an in^reasr of gau^ (I) is uece8f|ary on 
very sharp curves to enable the si^f wheels of th(i truck to 
lie bdlween tlfb curved jells. 

Referring to .Fig. Sl if V equals tfie Versed sine on 
chord of the curve equal to R -f A, tflen , • * 

* I = V-(Ph-IM) . Rule IX.—16. 

• /With a usual type of si?f-wheelo(f wagon it will be found 
that; — 


Radius.* Increase of Guugtv 

4(X)'. 

200 ' 

^ • 

On main lines and sidings where loeoinotivt'S ari% in 
question, the caloulationN are not straightforward, on 
account of the variety and ounplioation of wlu^d arrange, 
ments. Amongst tlu- rules adof)te(l fi'om experii'nee on 
Bittish Unes the hfllowing appear to be the most rt ason- 
ablo: — • _ 


* Curves under 5(X)' radhis * . 

•5(X/ to 792'. 

Flatter eurves., ... 


(jtuige to be 4' 0" 
• 4' 8*1 

.. 4 ' Hi 



4 * 


At one lime it was customary torfiiake Xhe gaugejtight 
through crossings with the idea of minimising sidc'ways 
oscillation, hut thi‘ gauge is now generally made the same 
as on plain road. It may be noted that where a curve 
occurs, and the gauge is accordingly ^^'i(K‘ned, the check rail 
has more effect in keeping the oppiwite Reading wheel flange* 
from striking the crossing ncse. 'J’he trailing wheels, how¬ 
ever, are liable ^o strike the neck bend of fV wing rail, 
unless the gap at the neck bend has been increased by 
double bending j^f the wing rails (^ce Chapter Xlt.). 


CLEARANCES AND SPACES ON CURVED ROADS. 
• (Fig. 10.) 

, When a vehicle is on a eiir\^?d road, its corners ovei^ 
hang the rail to the outsidt^ of the cur^e by «n jnereased 
amount to that which they overhang when on* a straight 
road. This increase of overhang is known ns the “End 
Throw.” 

To the inside of the curve the middle of the vehicle 
has on increased overhang.* and^ this incroasn is known as 
the “ Centra Throw.*’ • 
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The ..^tnndard mhftmuin clearartcee to structures on a 
straight^ road should, *ih’eiefore, be pcreased on curves by 
the amount of the end and centre throws, on ftje out-Ade 
and inside of the curve respectively* # 

An additional inff-rease to the inside of the curve must 
be inade for the leaning of the vehicli* due to super-elevation 
of the rail. This increase may vary from onc-^alf to twice 
tlie supef-elevation, a.c^^- 9 rding to the height of the struc¬ 
ture, the former applying to sKiges, etc., not higher thuji 
’half the gauge, and the latter to bridge abutments, etc. 

A further allowninf'e of an inch is * advisable for the 
extra oscillation on curves. „ 

\\ih(*re unusually wide s^ock is used, the ordinary Oft. 
spaqe will nci'd increasing on curves. Tflis increase should 
be:— 




" (\'Titiv *rhrow t End Throw2in, for Oscillation, 

Rule IX.—17. 

Care must be taken to have an equal super-devation 
on each roa<l. f. 



The outline of a coach as it would lie when ^its wheels 
are on a curved road is shown in Fig. 10. * For simplicity, 
the width ojf the coach is shown equal to the gauge. 

It will btf> plain that:— 

The Centre Throw (C) is the Versed sine on a chord 
equal to the length (B) of the wVieel base, i.e., from Rule 
IX.—1. ^ * 

C='B2-r8R Rule IX_18. 

« 

ExAafpBE.—wheel base 12ft., Radius of curve 60ft. 


Centre throw 12* (8 X 60) 

= 144 ^180 





CURVED TRACK. 

The End Throw (fe) is the ^ersed sine on a rhord 
equ^l to the length (h) of the v-ehu le, less the Centre 
Thro\u (C), qr:— ^ 

E = K - 0 

E = 

8R bR . ^ 

E = Riie IX.-19. 


Example. —Wl^eel base 12ft.. Length of Wagon body 
22ft., Radius GOffc. 

22“ - 12« 

TTreo' 

_ 484 - 144 
•“ 480. 

= iZI = Bl 

Where a bogie veliicle is eoi^cerried, B may be lakcn as 
th 0 *di.stRnce between centri^ of bogies. 

In long passenger stock jit is common to place fiie 

bogies so that the centre and end throws are cquat. 

• • • ♦ 

Vehicles so arranged are termed " balaijced coaches.” 

In this ease:— 


C = E 


that is 


Ra Lg - Ba . 
8R 8R 


or 2Ba = L* 

that i ^B = L-*-1*414 anS L = B x l‘4lf 

Rules IX.—20 and 21. 

l^AMPLE.—If a coach body is 00ft. long, what should 
be the distance between centres vf bogies, so that centre* 
and end throw's wdll bo eqiia^? 


B = G0^ 1-414 
= 424.T , lay. 42' 0'^ 

Centre and End 'Mirows for many usual w'heel base* 
and coach lengths may be ’easily obtained by the use of 
Table 16. 
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fc \ 

BUPFEE LOCKING. 

^ t. •> g 

Buffrr loclcing ia lijible to oc’c-ur at the springing point 
Ilf very .sharp eurve.s, .such ns nf^y occur in some* town 
gocwls yards, etc. Ift’he tendency is worse at the reversing 
■ point of two sharp -curves. 



Tnspt'tAing Fig. 11. we .see that if the End Throw of a 
vehicle, taken at the hiitfer laces, exceeds the width of the 
face, Ijine face may slip past the othe^-; that is, they t^'ill 
biifftr ]o,ck. By the*applieation of force in propelling the 
vehicles, this may happen ^thils^f the buffer faee.s still have 
a small overlap or “ ^engagement. ” say, 2 inehts. 

To find what Eadiiia (N) of (-urve springing from a 
straight, will epuse the risk of buffer locking with a given 
type of vehiely. 

ExAMPhu.K-Wagon wheel base (B)—12'; Length over 
buffers (]j) =24' (i" ; Biameter of buffer faees 1' 0". 

We will decide,that the End Throw (E) must not he 
more than 2" less than the diameter of faces, namely, 
10".=---8:-V. * 

(Prom Bul^ IX.—19.) 


8 X -83 ‘ 


L® - 


^ E = :h! - 

V 8R 




L « - B^ 
8E 


o — 


24-5“ - 12* 


600 - 14l ^ 4^ ^ 
6*64 6*64 c 


say 70 ft. 


* 

.^To find what Badius (R) of •diregt reverse curve will 
. cause the risk of buffer locking^ with a given type of vehicle. 

136 * 



CURVED TRACK. 


« 

In this case the iva^ona will tiave End Throws in 
different directions, an^ thus the Ehd Throws (E^ must 
not'exceed half the diameter of face, less half tlj^e engage¬ 
ment • 

The Kadius is pronortional to E. Snd thus the Kadiiis 
for a reverse curve should not be Id^s than twice that for a* 
simple curve. In the preceding example the sjife*Radius 
wo\ild be 140 feet. ,f* 

B 

If buffer Inching •occurs, the rcrnclics to be con^.idered • 
will be:— 

1. To Hatteti the curve 

2. To make tly3 change gradual from straiglit to 4'urvc 

3. To increase the widtli of the buffer face's of "the 

vehicles which buffer lo<*k 

^ 4. To prohibit j^a'liicles whicli have an ox^cssiv^ over- 
• hang of hulTer faces hes.md wheels 

• It must be noted th:\^ tluT above calculations do not 
allow for the slightly increased tendency to buffer lock duo 
to play of wheels between the rails. • 


SU PER-ELE VATK )X. - 

The reader .should first peruse the references made to 
lliis subject at tlie commencement of Chapter X. 

When a ear travels upon a cuTve,»a force arises winch 
acta direcUy ouj^wards from the curve, due to the natural 
tendency for the movement to be in a straight line. 

This force jis named Contrifiigal Force, and*its amount 
inoreasea as the weight of the c.’.r, an<l as tin* -quarc of its 
veloc^ity, and decreases radius of the curve iucreasos. 

fiy raising the outer rail of a curve hy an amount “ E,” 
which is known as the Super-eU*vation, and sometimes mu 
the “ cant,” we form an incline dow’n wdiich Wie car tends 
to slide, and thus countera"t the Ceiitrrfugal 

When “E" is just sufticibut to balance the Force 

caused by a car moving at the highest speed obtaining upon 

a given radius of curve, it iig referred to as the ‘ ‘ 'IheoretidM 

Super-elevatidH,” wdiich* will yfforwards be denoted jiy 

“ E ” if in fi^et. and"bv “ o ” if in inches. * 

^ - • 
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The rule for E, ‘the derivatioii of which is explained 
in boo^'’s on Mechanfts,, may be wfitt+m in varjous fo^fl, 
thus, if:-^- • 

hi--Super-elevation in feet, 
e — Super-eleva.fion,in inc hes. , 

(i:'-(iguge in feet, centre to centre, of rails, 
g = Acceleration due to gravityper sec. per sec. 
V =Velo<‘ity in feet per see. ~ V^147. 

V--Velocity in ir^ilos per hour —v-f^1-47. 
r —Radius of curve in feet. t 

Ji = Radius of curve in chains. 

t 


Then B = 5 x l! 

R • r 

or with 4 ' 1 ‘t. IJin. gaiige-^ 

E = 153 x.L 

* r 


Rule IX.—22. 


Rule IX.—23. 


Changing E to inchc's. and v to miles per hour, 


® 32-2 ^ - i - 


•e = G X 
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Rule IX.—24. 


which is perhaps the most usual form of the rule. 
If G Im 4ft. llin., ti’e may write:— 

* Rule IX)—25., 


‘ v* 

e =,3‘96 X - - 
• r 


If the Itadins is taken in chains, we get:- 


e = 06 X 


\r2 ♦ 


R 


Rule IX.—26. 


on which rule many tables have been based. « 

' If the curve is measured in degrees (D'‘), we get:— 

• c=d-00r)G6xB°*x V2 Rule IX.—27. 

which is the usual American rule for the Theoretical 0 . 

The fonnulHP show that e increases rapidly with the 
velocity, namely, as the square thereof, and that it 
dclrifoases directlv as the radius increases. 
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Thus, on the saniJ curve ft* speeli nf GO miltis.per hour 
would call^for four tinges the- e due a speed of miles. 

^gain, 'jith the same speotV a curve of •20 idiains 
radius only calls for h»Tf the e due to a curve o£ 10 chains , 
radius, , • 

Table IB shows tlu* Theoretifal e on the 4ft. S^inT 
gauge, calculated by liule IX.—^2G. .for (yffevcnt.#Speeds and 
Curves, both the Itadius aiid T')t>^ce of the latter being 
given. 

Praotical Super-elevation. 

There are •further consi|Jerations to be taken into 
account before wo^arrixe at the e to be actually usetl—that 
is, what may be termed the “ Practical o. " ' • 

First the Theoretical e may Jic so grt'at that when a 
light car is stationary or moving,slowly on a curve, it insfy 
b^ in danger of overturning by wind pressure from tln^ 
out.side*nf the curve. * * 

, Spiller allows that a certaiw van may bo blowTi over by 
a wind py?ssure of 20 lbs? per square foot when the e is 
4.Uns., ana suggests limiting e to lift" • 

The present writers cfnisider this maxiniimi rather 
small, anil reconuiicud one of 5ins.,,remewdiei'ing tl^lt O S 
of bins, and oven i^ins arc occasionallji ii'-ed without 
mishaji 

a 

The above considerations place a limit upon the 
maximum e. • 

There arc other matters which Icifd to the reduction of 
e throughout:—• * • 

(1) Though 0 i.s intended to abolish siih* pressure from 
centrifugal for^e at the maxiinifm and lower speeds, it is 
generally accepted that the outer leading \^ioel flange is 
alw^iys in contact with the rail and tending to climb over it. 
This may be said to be due to tbe ear liaving to continually 
chaifige its direction as it passes round the curve. Now at 
speeds lower than that used to calcuate e, super-elcvatidn 
takes part of the load froi#i the outer* wlieeP, ^)ihich load 
tends to keep it down and prevent, climbing. * 

(2) If e is much more thaif is called for by the greater 
proportion of tbe traffic, excessive wear of the table of the 
inner rail may occur, ^ue t<> its greater load, and again flu* 
joints and fastenings mey be unduly Btres."ed, the ton* of 
the rail being pushed outwijrds. 
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Thus we see that the actual e's should be less than the 
e’s caVulated for th6 highest exp^;ted speed;,but, so far 
no writer, seems to hav? laid down a definite working ^ule 
to this effect. t. f r 


The usual advife is similar to^that of (’ole,* who says 
'th?.t ‘‘the calculated cant should be approached cairefiilly, 
super-elQvating bi)' by.bit until the engines tahe the roads 
comfortably.” t" 


In an endeavour to fix upon the ‘actual c to allow in 
practice, it is suggt■st^^d that as a rule, 
special eases, it be taken as | of the T 
highest expei'ted s])eed. * 


w ith e.vco})tious in 
hi'oretic.al c for the 


This will rcdiu'c the l-*2o to 2 in liule IX.—24, and the 
.‘MKj in Jiulc IX —-“io to 2-4H. or. say, half the gauge (centres 
»jt rails!,, iUid tht' rule \\X! suggest for all gauges is:— 


Prattical e" = i G X Rule IX_ 2Sf. 

J'his reduction is not chosen hapha/.anl, and has Ihe 
folkuving facts to rec<mmend it:— 


The .ynactical e would he* the. Theoretical e for | of the 
highest speed, »and for .somewhere near The average speed 
of passenger tj'.affie. 

With su(4i e’s it has been found upon one of the 
Lan(*ashire districts (not elecfnfie<r) that the inner and 
outer rails lose weight af about the same rate. 

Again, a tTheoreiieal e of 8ins is aboyt the• maximum 
w’hich would arise in extreme cases under w'orlcing con¬ 
ditions. Now in Shortt’s .opinion. Ilins. may.b*3 taken from 
such an e without very apparent effect to»])assengers in a 
train rounding the curve. 

'riius the uiiis. we suggest as a practical maximum is 
I of the theoretical one of 8ins. * 

It may he noted that many authorities agree that the 
value of su'per-elevation has been over-estimated as regards 
the prevention of overturning, but that it conduces to the 
comfort of ]>assengers and easy running. 

^ Super-elevation is often onyitted of necessity through 
po‘|ite and crossings, though in 'maiyy cases fairly high 
speeds obtain through tliem. ^ • 
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0 V 

The suggested procedure in arriying at the e to allow 
in pj^aetiee jvould, in accordance with* the ideas ex]Tfessed 
above^be as follows:— • • 

(1) Determine the Iffghest spe»*d usually run upon the 
<^rve. . • 


(2) Obtain the curvature by taking the averjige T^f 
several Vej'sed sines <,u OOf^ ch«rds. • • 

• (3) Take the I’heoveticaf o from Table 18 for the speed 
and cur vat lire. 


(4) Obtain ^ (jrf e from Table Uh which will give the 
J’racticiJ e to allow. 

,ln sidings wliem no considerable speed i.s obtainefl., the 
e need naturally only bt": small, and it is ci)inrnon to limit 
it to 2 inches. 


Obj^ning the Supei^elevation from the Versed sine of a 
Chbrd. * 

•Ah the Versed sine on iWt'hoiTl of a (Uirve is proj)orii(jnal 
to the It.'ulius and to the scpiarc of^tlu’ chonl : and e is 
proportional to the Kadius an(^ tlu- si|uare of tlu* Veloeify, 
it is possible to calculate the length of a chord, the Versed 
sine of which will be eijual to e • • 

W. H. Cole gives tables applying to many gauges and 
speeds on this principle. • 

\Vith Ift. H^ins. gauge:— . 

. Fr(un Rule IX.—^25. Theovefical* e= Versed sine on 
a Fhord#whose length in feet is l-fi2r»j>c Velocity in 
Miles per hf)ur. Rule IX.—29. 

From Fnle TX.—28, Practical e ---Versed*8100 on a 
('herd of l-28t) x Velocity in Milep per hour. 

, Rule IX.—30. 

One American rule is to make e = Versed sine on a 
^ chord whose length in feet-distaiK'.e travelled in one seeoiul.. 

According to this. Rule*IX.—^25 WQuld bficoijie:— 

V® * 

e" = 3-24 >4 —- 

r 

Determination of Speed. , 

Before we can ufip anj? of the above rules it is neeesa^y 
to obtain thc^ Velocity’, or “ y.” 
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* I 

Generally, the ^njle Is to take the speed of the fastest 
trnirHv cither by estimating or tinging. r g 

U tvill be apparen't that the ^ipeod, andi therefore the e, 
will be less on a vising and more*on a falling gradient, and 
in some cases od 5 double lines njore e is required on one 
Kne ^han the other. 

In* single lilies \l\e track is generally elev.'ited to suit 
the descending trains. * , 

To time the speed, measure a f^air length of the curve, 
say, by counting tin? rails. Then observe the time taken to 
travel this distance. » 

f 

•One method i.s to place a man H'ith a stop-watch at 
c^ch end of the measuretl length, both watches being in 
exact agreement, each,man to stop his watch as the engine 
■ ]>asses Inni. ^ 

*FjXample.—D istance 20 rails of 30'= 000'. * 

f 

Evgine passed first man 10 mins. 37 secs., second man 
10 mins. 4.1 secs.; time. 8 sacs. Then speed in feet per 

sec. ■=- G(X) -r 8 ■= 75. , »■ 

• * 

To convert Feet per sVc. into Miles per hour, divide 
by ^147^, thus;—7.5' per sec. = 7,5 “147 = 51 Miles per hour. 

Table l*2f shows conversions for various speeds. 

% 

Running out of Supep-elexation. 

t 

. The ideal is ,for \3 to be gradually attained upon a 
transition curve, at the springing of which fropi a. straight 
road, 0 wilI*oe nil, and will increase at a Vegular gradient to 
the end of transition and beginning of circular curve, where 
it will become equal to the e required on,,the latter. 

i 

If there is no transition curve there are difficulties, for 
if, as is often the case, e is attained on the straight,'there 
is, according to Spiller, more danger at the entrance* to the 
• curve than, if there was'no e at all. 

It %nay be nv>ted, howe\'ler. that as a curve seldom, if 
ever, in practice begins suddenly, ifc should be possible to 
introduce a little of the'e on the .straight, and attain its 
full dimension some distance along the curve, using a 
gradient of lin. in 60ft. to 120ffc., according to the cireum- 
ittanees. It is liioet important that e should be maintained 
conJftant throughout the mam part of the curve. 
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Maximum Speed allowalile on Gurvee.* 


Those who hftvc studied this sjfll^ect will unde^tand 
that ft is difficult to fix uflon any rule. ^ - 

Inrco rulA may, hjf^vever, be quoted that have been 
suggested for the 4ft. 8^in. gauge :— ^ 



Maximum Bpeed in Miles 



•77 X i/r ft. or 6-25 X 


•87; X „ „ 7-07 X 

« 

1'358 4< „ .. 11-00 X 



It will be noted that tibortt’s rule allows llte, highest 
s|)ei’(l. and it hii.s been ))oiuted out that oven the speeds 
givAi by ,thi^i I’ule art' exceeded in evcryilay working* 

Allowable sf)eed.<. n.s u.^ually^ac<*e|fted in Britis-ih pi'ao- 
tiee,* with first-class Iraclc, «t)ut without transition curves, 
arc shown ifi Table 18. • , 

It may he? noted that if the ideal (jf all curves being 
traversed at a speed in proportion to the square rool; of the 
radius, obtained in* practice, we should reijuire the s^yn«e 
theoretical e on every curve, and these are sfiown opposite 
tl'.e s 2 )eud rules above. • 


Super-elevation on Electrified Lines. 

The low centre of gravity of elcclric stoidj does not alter 
the thieoretiiffil e, gind it is UifUal to allow the s^ime e ns on 
steam-worked lines. 

A low centre of gravity reduces the tendency to over¬ 
turn by eentrifugfil force, hut incrense.s the tend< ney of the 
outer wheels to climb, and is responsible for excessive side 
woar'on the outer rail, whiA cannot be reduced by increas¬ 
ing th# e. 

6upeiveleyatIon on Various Gauges. ^ 

The e should be in direef proportion the gahge, or, 
to be exact, to the distance between centres of rails; thus, 
a gauge of 2ft. 4Jin. would requife approximately ono-hnlf 
of the e due to a 4ft. gjin. gauge. ^ 

Table 20 shows the figur*?s to mulllply the e'a on Tables 
18 and 19 by. to suit othef gauges than 4ft. 8Jin. ✓ 
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\ • 

THE CHECKING OF CURVES. 

j^Lciicorfling to the Board of llrade Kulo, cSurves ff 10 
chains of less radius inVist be provided withu check/.ail to 
the in.side rail of the curve. Where high speeds obtain, 
and on electrified ^iiies, it is advisable to check curves of 
greater radius than It) chains. Each case can only be 
decided, on its ,circumstances, unless the* Ministry of 
Transport eventually Wsue a (]efinite rule. 

The detailed particulars adopted, with regard to check¬ 
ing vary, and a table is given below which may be completed 
in accordance with \he prat-lioe the feader is concerned 
w’ith, as may the partici'ilars of check chairs listed in 
Chapter III. ^ 

* Some railways do not elevate the check rail above tbi‘ 
running rail. It may be noted, however, that an elevated 
'chock aots upon a greater length of the wheel flange than 
a level check. A serviceable vail is generally used for tlm 
cheof^ rail, and heavy section miming rails are usifally 
chocked Viy old rails'of ligjiter section. 

There are difficulties in f’hecking curves througliout 
points and crossings,^especially at the switches.* Photo No. • 
1 shows^ the check carried as fur as possible toAvards the 
switch too in a c(‘rtain instance. 

« *' i> < 

■ 'riie purppsi* of the check rail is to prevent the outer 
wheel flange from climbing the rail. In order to do this 
completely, tlie clu‘ck should come into contact w'ith the 
back of inner whepl flange before tin- outer flangi' tends to 
climb. • 

I 

Thus tl\c acting face of«.thc check slunfld be at a 
distance frou\ the outer rail, equal to T-fE where E = th(‘ 
distance fyom back to back of flanges and T —thickness of 
wheel flange taken as in the notes on “ Velv.cles on Curves ” 
(Fig. 1X.-4)* 

With E-4' of", and T = l^", now flanges, T-fE would 
be 4' and with normal gauge, the Elangew'ay Clearance 
^E) between rail and cheok would be 4' Si"-4' 61’ = If". 

Thiiji is‘the u%ual clearanqj* in checking crossings, 2ins. 
clearance being usually given on plain straight roads when 
on viaducts, etc. t 

The dimension of If" would apply w'hon the curve is 
Aoarly straight, but if there is coribiderable curvature the 
flange will touch the check eaflior, and a wider flangeway 
wUl be needed, as may be seen from FSgs. IX.r? and 8. 
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ITie ideal flangewly will vary According to the dimen¬ 
sions of the wheel tyres, the wheerbfise, the curvatpre, and 
tha elevation of the cHbck rail. Iji is not practicable, how- 
eve% to prcuridc numerous patterns of check ^airs, and 
only about three patterns are usually ^ised. 

As wheel flanges tfecome wonif or the outer rail beccyyies 
side worn, jr the road becomes wide to gauge, then if the 
check is not worn it touches the j^er Vheel fliifigo before 
tjio outer one touches the mil and thus is taking all the side 
pressure. If the cheek becomes worn or if it has too wide* 
a flangew'ay, the inner flange will /lot touch it until the 
outer flange tends to climb and to “ side-vvefir ” the outer 
rail * • 

It is open t<« question whether, and if so, to* what 
extent, the chock rail should share side wTar with the (Tutor 
rail. The authors think that it shotild share it a|joiit ('qunlly 
and have attained this result by, inserting packings in tKe 
G^eck chairs, whic|j packings are removed as the ijlianncl 
becomes too wide by wear, the thickness of the keys being'" 
changed as required. Additionjjl wear may also b(»obtained 
oul of the check rail by r^ersing it. 

Curve Checking adopted on...*.Railway. 

Check Rails to be provided:— 

On Passenger Running Lines:— 

With speeds over.miles per hour to curves of. 

radius and under. 

With speeds under.miles per hcur to curves of. 

radius and under. * S 

On Electrified Running lines to Curves of.radius <b under. 

* • 

On Goods ,, vf ,, . ,, ,- 

Ot% Sidings used by passenger) 

trains j ”• " . • 

On Goods sidings • „ „ .. • j, , 

On Viaducts and Bridges.ft. in length and over. 

Over Paved Level Crossings, (\jsually to both rails.) 

Check Rail on Runnlag Lines to extend.ft. beyond ea«h 

end of curve. , * 

For list of Check Chairs, see^Chapter III. 
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C^PTSB X. 

- , TRANSiiTION CURVES. ‘ f 
The papere of Shortt and Spillcj^ in the Prt)c.Inst.O?!E., 
Vol. 176, 1909, with^ the disciisttion thereon show much of 
the^ theory and practice, of leading fail way engineers with 
regard to transition curves and super-elevation. These 
papers havh been largely quoted by various writers. The 
discussion exemplilies the difference of opinion and the 
“extensive theorising which may take plact? upon these sub¬ 
jects, obliging''us to decide upon and explain a certain line 
of practice without devoting space to the'theory and proofs 
of the rules in every case. ,■ '■ 

A •transition, soinothnes called casement, curve may be 
defined as a curve whose d(,'gree of curvature gradually 
increases so as to make i\n easy change from a straight line 
to a circulnf curve, or from one circular curve to anoth<'r of 
different radius. * 

•- Afternatively, a transition curve iiHiy be dc(in/?d as* a 
curve of constantly changing j’adius so as to allow the super¬ 
elevation due to a circular curve ,to bo attained at a regular 
gradient; the curve b^.ing designed so that the el ‘vation at 
any point is correct for the curvature at that point. 

Accotding to the idea of Shortt, tht' latter definition 
harjlK applies, Kecausi* he states that a c\irve with no super¬ 
elevation is nioie in need of easing than one with it. 

Wc are in jagreeuient with this, and advocate in practice 
that similar transitions l)«> used for the same radius, whether 
the curve is super-elevated or not. 

A curve which provides for the conditions of the second 
definition is ,dhe Cubic Parabola, the iransitjjon curve 
generally adop'ted in this country, and to wHich the following 
notes apply,. Its use is b^y uo means new, as it was pro¬ 
pounded by Froude .about 18C)0. Mention ipay be made of 
other curves as follows; — 

10 Chord Spiral. Adopted by American Railway J3ng. 

Aesociation. 

Holbrook „ U.S.A. 

Crandall ,, “ ,, 

TnJ.bofr „ 

Seartes ,, i, 

Lcmniscate of iA curve often need on Tramwave, bul 
Bernoulli. which has been advocated for Rlje. 

i ’ It must be noted that the easing of the sharp curves 
used on tramways, presents a different problem to that of 
rafKvay curves. 
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I- 


Prabt I. Tnuisltion Cune belweeii a Straight LIde and a 
. GlKmlai* Gurrei ’ 

\lf a circular cur’^;^*, afterwards referred to* as an arc, 
springs from, that is* touches, a straight line, and it. is 
desired •to place a transition curve •between them, then 
either the arc, or the line, or botli, must be movq^ ao^hat 
they do not touch, and there is -a certain mhumum gap 
between them. , • * 

' This gap is ca^ed the Shift (S) and it is one of the* 
three main dimensions with regard to a transition curve. 

A second diihension is the length (li) of the transition 
curve from its "Springing poinik' to its termination where it 
joins the arc. ^ 

A third dimension is the Radius (II) of the arc. * 

R being known, either Ti or S may be choien. If L,is 
decided upon, S mav be found thus: — 

, S - 1.* - 24 R Rule X—1. 

Or, if S is known, and L is rc'qifired :— • 

^ L = V 24 V S*x R Rule X.—2. 

L, however, is usually tlu> correct dimension to choose, 
and thi're are two methods of making a suitahk* eJioice. 

1st Methoui —By taking the •supei’-^devation 4o. In* 
given to the arc and making L sufheient to^rim it out at an 
easy gradient. , 

One inch in Bh fec't or 1 in 702 is a commonly used 
“run-out." Thus, if the elevation is* runs.. L would he 
made 5x66 = 830ft. ft may he noted that I’roude used a 
gradient of 1 ii^SOO. • • 

2nd Method. —By making Tj bear a definite relation to 
the Radius, thus Shortt advocates that:— • 


L in chains = ' R in chains 
or L in feet = 8-i2 x v r in fget 


Rule X.—3. 


•Thus for a curve of 2/5 chains Radius, L would be made 
, ^ 25 = 5 Chams; and for a curve of 1600ft. Radius, L would 
be 8*12 X v'ieoO = 8-12 40 325ffr. * . * 

In the second method, the less the Radius, the less the 
transition length; whilst by file first, the reverse will 
generally be the case. " ^ 

The second method is K'commendcd chiefly because the 
very fact of a small radius existing, usually .means Ifss 
length available for transition. 


147 



CHAPTER X. 


No^ if a rule is t adopted such that L shall bear a 
certain relation, to It, such as I>i chaiifsi^ v Jt chaihs thE^ is 

R =■-then S will be a constant, because witti all dii^n- 
sions in chains:— * 


b * L* 

, * 

. L- 

or d = —-- 


24 X La 


i.e. S = i Chain = 2' 9‘' 

24 =. 

• 

This is the Shift worked to by Shortt on high speed 
curb's, hut with sharp curves or in confined places, we may 
have tf) bo satisfic'd w^th much less shift and shorter 
ttansitioii-curves. 

« 

^ l\otn Table 21 may quickly be caloulati'd the transition 
lengths (L) for various Shifts. * ‘ 





Referring to Fig. 1, having calculated S from R and L, 
ur in some‘cases Tj from S and R, the origimil arc shown in 
(l()tt(;d lines must he moved to DKF, paiHallel to its first 
position, or alternatively the line Afi(^ may be moved, 
until there is a gap D h bctweeti*the arc !md the line o^qual 
to S. ■ 

This ga^ will be opposite the original tangent point B. , 

A tPassition ftxirve has then to be run from the line 
A Ji C to the arc D EF. 

The offset from the Tine A B C to G, the centre of 
tcansition, is ^ S, and it will be fouq,d that the offset C E — 
Y, to the end of transition, is 6x4. 

To obtain intermediate points, other offsets (y) from 
the line ABC 'may be set. « 
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Now all offsets are proportional,to tht) cube of their 
distances fjoni the springing point-.4, measured aloTig the 

cur^ ^ • • 

This principle is ust^ in obtaining other offsets. 

Tho basis of Ihe f)roportion may* be the end offset. 
Y = Sx4. ^ 

Then for*any offsi-t y at a clistapfo x?from A, \ve have: 

y : x’* -- 4 f? : L’ 


y -- 4S X 


• Rule X.—4. 


' The number of offsc't^ roqiiln'd flep<'n(ls ujam the length 
of eiirvi', i‘tc. Tab4e '2'2 enables ofTset>. b' be n-adily ealcu- 
!:it(‘il \vb('n li is divided into 8, 10. or 12 ])iirls. 

If oiiK 4 offsets are iieedcvl, us*e tht' I’able f4r,8 oft‘s('ti> 

« • * • 

omitting the drd, otli. :ind Tib * For a or 0 offsets use 
'i'.i^les for 10 or llboffsUs, omilting the odd nuuff)ered 
■■jtTs(‘ts. * . ^ 

•It must be under'^loodt that if tla* transition curve' is 
dividi'd int(jia certain mimbi'r of < (iiialajairls, then wbatev'r 
ils Jeiiglh may l)e, the list o^ offsets is always llu' same 
for a certain shift. * 

Thus if L is di^id<;d into eight eipnd ]>aris and tlu' sinft 
is 2' 0" or th(' end offset will hi' 2' O '^*1 11' 0'', and 

the other offsets will he: — 


ins. 

• 

.ft. 

ins. 

•1st o^'set = 132 >9 *002 = 


Oi; 

2nd = „ X -0156 = 


2 

3rd*,,, ,, X -053 


7 

4th „ - „ X • 125 = 

1 

4'i 

5th - „*X -244 =- 

2 

8^ 

Gth ,, ,, X -422 “ 

4 

n 

7th „ = „ x^ *670 = 

7 

4i 

8th „ „ x*l-000 = 

11 

0 

• 




A further fact which may bo.of use, is that offsets ti^ 
the, transition curve taken from the part of the arc pro¬ 
duced. E D, beginning at *E, are -practically equal to thoi^ 
from the line rl B 0* bi-iginning Rt 4. 


149 



CHAPTKIt X. 


Ptob. 2. Tfansltios^ Cuita between Reverae Curves. 

In this, as in the former casef. there must^he u gap or 
Shift (SJ before a transition curve^can be attg^ined. jf 

The shift in this case is the l^ast distance bcitween the 
, two arcs. Let K^^and r indicate |the radii of tiie arcs, R 
bT.ingJ;he greater radius. One ideal for a transition curve- 
would bt’bnc vvhof.e to^l length L= ' R cli}iinii+ r chains, 
and to arrange each of the two parts as if it sprang from a 
straight line, this line being a coinirjon tangent to tin- two 
parts of the reverse transition curve. 

This ideal can very seldom be attained beeause the 
shift between the arcs wciuld be roughPv eight times #lhe 
2' 9"*shift d\ie to each curve from a straight, or *22' 0". 

* Another method is to make the two parts of the tran¬ 
sition cuj;vc‘ duplicati's.of each other, except that the one 
for the itre of less radius^ is miwle longer than the other. 

^’'roud(j’s method,t an explanatioi) of which will no^’ he 
given, will be found easy to use and to give a satisfactory 
curve when llic shift is« [)re-dcternuned, as will nearly 
always be the case in praetice* 


FIC.X-2.* 




, 1 '^ 













w 

Referring to'Fig. 2 whiclf shows a dimensioned example, 
as follows; — 

Shifted arc ABC = 600' Radius (R). 

,, DEF = 4W , (r). 

Shift CD5= 5' 6" ^This is where the arcs are 

Nearest to one another). 


t Bee M&nnal ol Givii Engineerjog, KaAkine. 





TRAKSITIOIf OtJKVES. 


B X r X 

X S X t 


Rule X.—5. 


The rule for L, with all diiliengi^ns in the same unit, 
"Vvill be;— ^ i ' 

L= A4x8x|^t Rule*X.-S. 

1 .u * 1 T A, TT sooirios’ 

In the example L = y 24 x 5 5 X 

/„, .rr 'ilOOOW 

= y 24 X 5-5 X 


1 .a * 1 T A. ^ r SOO X 
In the example L = y 24 x 5 5 X 

/„, .rr 'ilOOOW 

= y 24 X 5-5 X .^gyg- 

==• ' 2 4 x”5-6 x lTcr 
•- ''31680 • 

=• ns' 

If ]j is till* ^'ivcn dirm-nsion, and S is n-quirod: — 

S L“ ^ (24 X ^ '■') f Rule X.^6. 

\ • R -h r/ 

riir iniildlt' point of the transition* cnirve will It*' at G, 
tho j?4‘ntrc 'of the shift (’ D.^ faids insiN bo luarkod off by 
(i Ji and a d eacli equal t(j | L or , 

The offsets to each half of.lhe transition curve may be 
s('t from each arc i)roduce(l, bef'iniiiii}' at the end B for 
curve B U, and at E for E (r. • * * • 

The offsets will iueri'as 4 ‘ proj)ortioTial]j' to tho cube of 
their distances from B and E. 'I'able 22 ma^' be used to 
eulculato the offsets required; thus suppose the last offset 
(a which is half tin' shift, equals jift. tUns. or 33ins. and 
o points are requin'd in i-ach curve, tli’en from 'ruble 22, 
-taking even * 011801 # only, * • 



• 

• 


ins. in>. ft. 

ii’s. 

1st 

offset:-33 X -008= -26 - 

o-i 

2nd 

,, - X* -064 - 2-11 =■ 

91 

3rd 

,, = ,, X -216=% 7-128 = 


• 4th 

X ;5r2 = 16-800=l 


5th 

xMX)0 = 3x3-0 =2 

• 

0 


In Fig, 2 all dimensions arc shown for curves of 400ft’. 
and 600ft. radius with 5ft. gins, shift. ___^ 

t These are the esprestionaior “Eqipvaleet Badiua”,see .Chap. XIII. 
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C’HAPtEn X. 



Prob. |3. Transition 'Ciiinre between Cunree of Similar 
Flexure. i | 


Shortfc shows that it is not noc^saary to use a transition 
curve unless the dtflference in racl^ of the curves (‘xceeds 
perjpent. His rule for the transition length is : — 

L = (l - I) X ^^7 Rule X.—Y. 

t 

whore r is the lesser lyidius, and all lengths are in eliains 


The formuUe connecting L, S, and R.' cach in the same 
unit \vill he : — 


L=y‘24.xSx t 


Rule X.—8. 


s 


= L» -i- ^24 X g-~ ) "t finle X.—9. • 



The firoceduro will be similar to that ,«xplained above 
for reverse • curves, but with reference fo Fig. 3, which 
shows all dimensions for curves of 6 and ‘2-1 chains radius 
and a pre-determined shift of Ifv. 2ins. 

The. offsets may all .he set from the flatter arc, the end 
offset heiiig S x 4. • 

It will be found that unless the radii are, very different. 
Rule X.-7 will give a very short transition, and Rule X.-9 
a very small shift, for example: with curves of 20 and 10 
^Jhain*s radius, L will only be l*58*chains, and S will only 
d^ins. ' t 


t These are the expresaiont for '^Eqaivaloa^ Badias"'Bee Chap. XIII. 
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INSEBTIOX 




TRANSITION CORVES. 



Ppob. 4. Under an existing alignment, an arc .A' A’ mere 
or less regular, Joins a straight M N Q, Fig. 4. To 
insert a Transition Curve. , 

1st.—Obtiiin Radius of arc (R) from a Vorsod (v) 
on^i clio»d K F, wbicli is cstimaU'd to ba ju'^t cioar of tin* 
transition curva. , * • 

■■2nd.—At E draw a tanj^-nt K 11 to tin.* arc and produce 
il to cut ^kQ at J. Draw E Q squam.* to A/ Q. Mcusirv 
AV^ in, JQ~n, and KQ - , 

J3rd.—b’ind point iJ wiicru are E F wln-n produc«.‘d will 
touch line M N Q, iV if not that line, "a Jinc*])aralk’l t(f >t, 
thus:— • 


QD = EK = TixJl ^ (From Rule C 40.) Rule X.—10. 

m 

7^D=V-=R-(Rx^)i ^From Rule*C43.) Rule X.-ll. 

D.V=d = p--V 

If the arc produced touches tlx*, lino M Q, d tvill be nil 
and the arc and Tine must be mov('d apart by *'<o required 
shift (S). 

IT, owing to some oasorfSent having already being made, 
d is sufliciont to he rnadt- thi* .shift, a transition may be put 
in without alteration of the main ^arts of the arc or line, * 
its centre being at the middle of point d.,“ • , 

If V is greater than p, the arc produced cut^l the line 
and they must be moved apart by^-f S. 

If d is smaller than the necessary shift, the line and 
arc must be moved apart by S —d. This is the case show'ii* 
on the diagram, whore the Ihie M N Q has been shifted to 
ABC. • • 


»«in D« 


tCoaD® 




CHAPTKIIl X. 


- , - 

After the moven^t, the transition curve may be lined 
out aj^ described in Prob. 1, the.same reference letters 
applying,ihbut point E will need al/ering to contorm ^thc 
calculated length. \ 

. Pn>b. 5. To insorf'a transition CVirve between <8 straight 
JiHC and an are ^ A'^ of radius R, which touch at 
/i, Hvhen neithw the straight nor the main part of the 
arc may be shined. (Fig. 5.) 



■ ^his is a ^ery common case in prric\:ice. 

In order to obtaii]^ a shift it will be necessary to reduce 
the arc to one of smaller radius (r) as it approaches the 
straight, and to riwi the tran.'sition curve to the new arc. 

Case 1.—When the arc cannot ho altered beyond a 
certain point.E. • 

1st'.—Choose the shift (S). 

2nd.—*-Dra\v a line EtH and on it find point D which is 
at f distance S from A C, Dra^ D B square to 
xiC and bisect it at (i, which point will be the 
middle of the transition curve. 


3rd.—Measure and DH=^n, and calculate r. 

. r Rule X.—12. 


m 


This is deduced /rorn the similar triangles KH E 
and L D E. 


4th.—The transition curve may*bo set out as previously 
explained, its length (L)*will be: — 

L = ^24x8X1,, (by Buie K. —2.) 
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TBAXSmoSr; OSRVES. 


Ill Fi*^. 5 it is osaumed that? tb^s transition cuirye will 
join the new arc at ^f. The distancejM R should not l5e too 
smnl^about un engine iV^gth being suitable. If ^loint M 
falls treyond pdlnt E, the^hift must be reduced. 

Case —When it ii decided to reduce the arc to a 

certain radius (r), Fig. 5. ‘ * 

In order ttiat a transition curve shall *not be Aocessary 
between the two arcs the reduction Tin radius should not 
exceed 15 per cent. 

1st.—Choos(^ the shift (S). ^ 

2nd.—The tangent point E of the two arcs, and the 
point 1), \\here the new* arc will be nearest to the 
line -1 <.\ aae required, so calculate m and n, thus: 


m 




2 X 8 xK2 


if =-■ 


R - r 
2 X S x« 


m 


• Rule X.--1& 


Ryle X.—14. 


3rd.—From point 11 i]x*E by dislanee in, and on line 
H ^ fix point D by distance n.* • 

Draw D h which ^vill equal 8, and bisect it 
at G which will be the middl|j point of the tran¬ 
sition curve*. 

4th.—lA'nglh of transition curve (L);— 

L 5= a/ 24 X S >r r ■ 

The above rules for in an^ n arise tlius;— 

From similar triangles HUB and KH J. 


^n R 

S 


n = 


2SR 


m 


• • 

an^ from triangles KH E and LD E, 


R 

m 


-n 

m — n • 


hi (R - r) 

r"* 


So 


2 8 R ,m (R - r) 


m 


B 


v.m=V?-- 

y R-r 
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CHAPTER Xr. 


V 


OBAPTKR (XI. 

f 


. XHE swjtqh. 

'•r, 

TITu k'rms u^ally. adopted witli regard td the parts of 
the switch and its appbrtenanees, arc shown on Figs. XT.-2 
and 3. 

< 

The switches in ^se for railway track are as a rule of 
the straight type, that is, when placed against a straight 
stock or back rail, the winning edge Of the switch is a 
straight line. ^ 

It will readily be seen that when such a switch is placed 
•close agakist a back rfiil, which is bent to conform to a 
curved main line, the swStch will take up the same curvature 
as tliv> main line, because whatever furvature there isj in 
the hack rail, is transmiitted to the sw’itch. * 

TIutc I'lre exceptions to ilk'' rule, the shorter sw'itches 
oi some railways hav*'ug their running edges cunved to some 
fixed radius, not neci'ssarily,that of a turnout curve. This 
kind of Switch is generally adopted on tramways. 

A type o{ switch which can hardly'be called an excep¬ 
tion to the rule, is th(‘ “ springing ” switch (Fig. 3). In 
this, the switch is straight from ihe toe to a point w’hcre 
the wheel flange c^leurance is obtained; here there is no joint, 
hut a “virtual heel “ about which the switch pivots. The 
remainder of the switch is hejd firmly in chairs and forms 
part of the curve of the diverging road, t ' 

For purposes of calculation, the length (S) of this 
switch musyf. be taken as the distance frorn the toe to the 
virtual heel and not to the heel joint. 

f 

The Switch Heel Divergence. 

5 * The heel divergence' of the switch and the gauge of the 
railway art* the basic dimensions for nearly all point and 
crossing calculations. I’lie former is thus a very important 
i dimension. c 

^ The heel divergence which will afterwards be referred 1 
to as “H," is the distance,bet^^cen gauge lines at the ! 
Switch heel, and so is equal to .♦the wddth of the rail head ^ 
plus the flnngeway. 

tflO 




THE SWITCH. 


On British main ijies the ijangt^ay varies from l|ins. 
Rail heads vary from 2^ini. for 80 lb, seqfbion.^’b 
for 90 lb. sectionkind over, "fhus the heel divergences 
ma\vary froiii d^ins. t (\4^in5. * * 

It would be an ajivantage if H could be fixed as - a 
standard "dimension. In practically’ all the examples and 
tables H will bo taken as d^ins. This, with rail head# Sflns. 
wide, will ^ve l^ins. fiangeway. 'jIt iftust be noted that 
4^ins. is ^Jft., and this givea simple* values for obtaining tht‘ 
switch angle, which is the angle the switch makes with tlu' 

stock rail in the main line. 

• 

Thfi Switch An^e. 

One way of measuring the switch angle is b} its rate of 
divergence. This Ts the ratio of II to the switch length *(8) 

To find M, when the Angle of JDivergence is “1 in M." 
divide 8 by H. or:— ■ ^ * • 

M = S ^ H Rule XL— 

•Example. 8 = 12' and H - 

Then M,- 1^4" 4^" 



The practical mind will stjo that with these fiat angles 
it is immaterial whether they are rnegsurod Jliy Bight ^ngle 
or Centre Tane ifteasiire,* and in this v^^lunie w'e shall 
change, from one to the othi*r as suits thi' purposi*. The 
term “ Cot A ” wdll be used for the Right Angle Measure, 
whilst the symbol “M" will be used fpr tlie Centre Line 
Measure. • 

Cot A and M will be taken at tbe same" vyhle, which in 
the example givffn above is 32. * 

For some j)urposes it is necessary to know tjie mejcsure 
of the switch angle in degrees, minutes,' and^ioconds, this 
measurement being referred to as “ A." 

•lo find the angle A: Bivide H by 8 (in the same units), 
whicli will ^ve the Tangent of the angle; then consulting 
Trigonometrical Tables, the angle? A will be found opposite 
* to a tangent of this value. • 

It may be noted, how^ever, that A is practically propor¬ 
tional to the switch length; for instance, with 4|ins. H, w'e 
may obtain A by dividing 21'' 28' 52" by 8 in feet. The 
error with @ = 6 feet iai 12 seconds, and with .8 ■■= 10 feet #s 

1 second. _ ^ * __ 

* See Chapter XII. 
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CHAPTER XL _ 

It is not necessary fin/1 the anj^le A to obtain its own 
ratios, fkw instance: — ♦ 

Cin^ ft CCot A )=^ 8-i-H / Cjyi' P 

S ( 

and CostA = , .^ L 

. ^ v(8* + H«) 

The ailgles of switches with various divergences, and 
also their Cotangents anU'Cosine^ will be found in T^Jble 28. 

i 

The following table will form a guide to various heel 
divergences in use, but«the reader should carefully ascertain 
the dimension in the particular switches he is concerned 
with, *■ ‘ 

TABLE XI.—1. 


i Heel., 

Cage. jdivergeDce 

I /Tvr\ 


British Main Lines .i 4 


ft. ins. ! Ids. 
A fil \ 



Hi JSX 2-526 4 3i 


Irish Bitfo 


.1 5 3 


Light and temporary rail¬ 
ways using rails* about 4 8i 

2*^ wide .. „ 

. > < 
4 

Light railways of narrow: 



3i S X 3'714 4 6. 


3J SX 3-714 


gauge .narrow 3 


India. 5 6 


3 S«x 4 
* % 
ii* S X 2-824 5 If 


Do. S 8| 3U* SX3-254 241H 

Smetre) 

Do..*. 2 6.. 2f* SX 4-364 2 8i 


Canada ... 4 8f Cf & 5f 


I X 

V.S.A • ■ • ■ * p • • « • a t ■ • f « « • ■ • • « I 4 8? 6« 


S X 2 4 2f 
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THE SWITCH. 


Tha Curved Switch. * 

^I'hougii the straigl|t switch h|is survived as^ the type 
mo^ acceptsble in gcVcrul practice, the curved switch 
possesses &t least two ulvuntnge.s which should not be over¬ 
looked. . I . , * 

The first is, that with the satni* length of svYj^hff’an 
easier deflecfcmg angle from the main is obtained, ti»d at the 
same time a slightly tialtiy turnodt curve for the same 
length of lead. 

The second is, that a turnout to the outside of a curved 
main, may be laid«to a better line. * 

If we consider such a tiinif^ut in a main of fairly sharp 
curve, which must bo nmintained throughout, we see that 
ati originally straigrit switch is bent to conform to the nftin 
curve; then at the heel occurs a rev(j;rse to follow thi' turnout 
curve. • 

Now a switch which is curved originally, will onj^eiug 
plftcod c[(>se against•:! stock rail with the su)ne amount of 
curvature in the opposite direction, bewme straight. 

A comparison between the two sketches (Fig. 1) will 
show that » better line is formed for tli*; turnout in the latter 
case. , 

On those railways w'here straight sw'itchcs *aiv the 
standard, the henA in the switch wiUli con fra turnoulSi .is 
soiuetiiiies avoided by cutting 3ft. or so fnnn ttie end next to 
the heel and also by packing out the heel as far as tli(‘ 
fastenings wall allow. If such devices are adopted, the 
necessary allowances must bo made in c^rlculations. 

The disadvantages of the curved switch are of a construc¬ 
tional natuijp, grinding in addition to planing lf.*ing required 
to form the curve, also the swdtch becomes rather thin at 
the middle. . • 

In Chapter iCV. it is shown that an equipollent length 
of straight switch can be found, which will have the same 
angltj* as that of a given •urved switch, thus making the 
remaining calculations the same in both cases. 


Xen^th ol SwitohoE. 

The question of what tlfb switch length (S) «nould be 
in relation to either the Radius of the turnout, curve 
the Crossing Angle Number (N), ?)r the length of the Lead 
(L),f will now be dealt with. ^ 


*• If the main is curved, B he taken aa the Equivalent Radios 
, the tuxnout, see Chapter Sail. ^' 

t For,4ffiuitionf of these ^rms sea Chapter XIII. 
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CHAPTER XI. 


i 


S a matter ofr choice, but il may be chosen with 
certain considerations in* mind. ^ r 

It is here recommended that n should bd suflicie/^ to 
ensure tliat a numbe;; of ■wheels nttalhed to the same frame, 
^••ill suffer no more del?ection frorif- a straight liiie, -when 
passing ''ver the switch angle than they do wlicn traversing 
the turndul curve.*' 


fl. 

This condition will be fulfilled if the switch length is 
not less than * v'E X or with 4^* H, ' R' X 


612 . 


When S i.s longi*r than half the length,over the wheels, 
the length obtained by this 'formula more than attains the 
object, so from this and several other '.considerations, the 
following rules are recomiiumded for the minimum length 
of switch 'S) in feet, vith the usual IT’s of 4Jms. or 
thereabouts. 


S = N X ' Rule XI.-2. ' 

S = * „ XL-3. 

Li =-' L' 4*08 „ XL-4. 

^rhc'se rc'latioRs may be looki-d upon as ideal, and subject 
to :noditicalion in certain cases, for exam'ple, it is usual not 
to allow switeh^s less than about 15ft. Jong in tho main line, 
J)ecause with usual distances ap.art of wheels, a following 
wheel comes on to such a switch before a leading wheel gets 
past the heel chairT and thus “rocking “ is minimised. 


Again, wHh very long turnouts from the inside of a 
curved main, it is often necessary to be satisfied if S is not 
less than x 1^, whilst with short turnouts to the outside 
of a curve, it may be advisable to make S = N x 2 or more. 

In a turnout the dimensions N, V'R,* and L bear definite 
relations to one another, as explained in Chapters XIII. and 
XXIV., and on this basis jbhe three rules are devised to give 
the same result for S whichever dimension is used in 
finding it. 

Table 29 shows the maximum R, N, and L which 
should be used with given lengths of switches, in accordance 
with the rules above. 


* IT tbe main is curved, B muse be taken ai the Equivalent Radius of 
the turnout, see C'hapt^r Kill. * 
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THE SWITCH. 


In Tiiblt'S 40 and 47. \YiIl be foynd t?ic relutious between 

S and v^K, and between S and L. c|)rl‘esponding to either 
given i^lation^ between S ind N, for ipstance*:— ^ 


When IS = N ^ U 

*S -- ' R-X.-49 


then 


and S = L 4 ■ C2 , 

. » 

SWnVHES. PRACTICAL"l)h:TAn. DIMENSIONS. 


'I’he t\)llc)wing tybles i)f dinieuMO’^is Mith which the 
reailer should be fa|ni]iar, are intended to be completed iiT 
accordunoe with (lie iir.icliee of tl!e railway upon which ho 
is i-ngaged. • 

Tile ri;f('renee letters thus (a), show wlien* the dimen¬ 
sions are marked on Eigs. XI.-2 and .V '• 

Eig. '2 shows an ordinary type of switch pivotting at tlie 
lieel^oint. iind Eig. -’t ifliow s a springing sA\ite]i pivottin*^iit 
11jc‘ place marked ‘‘ Virtual Ileel.”_ • , 


TAI5LE XI.—2. 


SWITCH LENGTHS FOR VARIOL’S PUJIPOSES. ' 
(Refer also to Table 29.) 


.R’lv. 

, Switch length. 

• 

• • 

Minimum to be used in main line ... 

• 

• 

% 

Usual for crossover roads and trailing 


connections in main lines . 

• A 


Main Jine junctions, with curves 


entailing no reduction of speed for 


fast traffic.^. 



.... 

* . • 

Usual for gathering lines in siding 


groups . 


• 

For Catch points.. 













chapter XI. 




















THE SWITCH. 



Refer to Figa.^l.—2 3. Standard LengthBwf Switchdl^.ASi) 


Flangewiiy clea)‘anco*at heel 
of ordinary switches (F) ,..j 

I'leol divergence of (Irdinary 
switches (H).j 

Ijength of stock* rails (a) ...j 

• * . ' 

Length of cutting or planing | 

(h)| 

Toe of stocJj rail to toe of 
switch (d). 

Heel of sw'itch to heel of stock 


Toe of switch to point 
driving rod (f). 

Toe of switch to let stretcher 


1st to 2nd stretcher rod 

(j)... 

2nd to 3rd dittif 

(k)... 

Gauge tie bar to toe of 

switcli (1) . 


Toe to “ virtual heel' 

of 

springing switches (8) 


Toe to centre of 1st 

slide 

chair (m) :. 



* Also named Ude rails nr back rails. 
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* These distances may vary acoording to the Kadius of the tuninitt curve. 
+ For particulars of switch cha’^s see Chapter III. 

104 










I 


THE SWITCH 


Throw ol' to(' of switch at: — 
h’aciiiij; points 
'I'rnilin^ point 
Catch points 
Points in sidings .V 

Distanci' hctwr^m facing and trailing 
f)oiTjls. with toe,'* of '^tandai'd ^U)cl\ rails 
butting:—.•. ^ 

N'oti-; - This i* an obji'ctioinililc arrange- 
Jic nt. forming a bad road from om^ turnoul to 
<li(' other « 

I )i'.ftmce l)etwei')i lai'ing aial trading j>oiiits 
to allow for locking bar of standard li'ngil: 
(.), but* with ))o ruit rails: —.^. 

Ollier ili.-ilanci-.s with reg*ard to switcla.-s 
will be fomid in (.'hripler 11 (Signalline^arrang^''- 
nu'nts), and i list of Swilcli Chairs is inchulT'd 
in Chapter III. 











CHAPTER XII. 


chIpteb In. 

cROSsiKa. 

''Thfc'usually adopted with regard to, the parts of 
the Acute or Vee Crossing and its appurtenances, are shown 
on Figs. XII.-8 and 9. • * , 

Methods of measuring the Angie. 

i ^ 

Three of the practical methods of measuring the angle 
of a crossing, which are, or have been used'in railway work, 
are explained by Figs. 1, 2, and 3, a 1 in 3 crossing being 
shown, as measured bv each method. 



Remarks. 


Adot)ted on many British railw^ays. 
c 

Is the standard in U.S.A.' 

r 

Used by authors—Donaldson, 1871. 

W. P. Hales, 1889. 


Is the standard in India. 

< 

Used by authors—W. H.,Cole. 

i,. H. Young 
(Proc. Inst. C.E.) 

•• t ' 

& 


Is the British Engineering Standards 
' Association standard for Tramway 
Track (1919). 

Uasd by authors—F. W. Atkinson. 

J, Whit^aw. I 

0 


Iiuaddition, there ore* the scientific xfibasures of an 


c 






I THE CROiSSlJfO. 

— ■ ■ 1 ^,—■ ■ . . .. — —:— 

1. In Degrees, IVtiruitcs, jaud Seconds, which it is 
necessary to use in developing trurf ftiathematieal fftmulsB. 
I’hfc principles of this ilieaaure are/explaiiied in Chapter V. 

Circutar or Balian Measure, which is useful in 
arriving at formulce toigive turnout l^da w'hen measured 
along the curve, as developed by JC. Jj, Young, Tnst.CJ^^ 
Proc., 1901-2. The principles of this measure ui 

'Cable 1. * • • 

, There is room for much dischssion upon the relative 
merits of the three psacticnl ways of measuring the angle. 

A point in favour of B.A.M. is, ^hat it is the method of 
measuring angles used in nearly all other' branches of 
engineering. • 

Isosceles mefKUire is possibly the easiest by which an 
angle, can be set out. • 

(’.L.M. has certain disadvim^ages, one being that it 
(loos not appear to be used in ^my other kind* of work, 
another that it is not easy to set out the angle agaipsl a 
fixed line. * 

It will be seen, however, on ^oing deeper •into the 
subjt'ct, that it possesses m strong advantage, namely, that 
the conv(:!fsion of strictly accurate 4 n!vth(‘matical foriiydai 
into practical rules is fairly simple, and when these rules 
are further simplitied for quickly calculating approximate 
dim^usimis. .more •accuracy is obtainsfble with C.L.M.^than 
with other measures. • 

, .'J hough the method of measuremtuit makes very little 
•difference in ffat angles, the difference is more marked in 
angles of small number, and it need hardly be said that" it 
is most important that a uniform’mt'fchod of measurement. ‘ 
should bestandardised and thoroughly un^'rstood by all 
concerned. 

The C.L.pf. has been adopted oti many British railways, 
Jbut so far has*not been standardised tliereO|j, though the 
question has been brought forward by the Periiianent Way 
Institution. • 

Jj’ojr reasons which will appear from the foregoing 
remarks, C.Xi.Hi will be adoptod»in this volume; In Tablt' 
80, however, will be found the values of C.BJVI. angles of 
a given Number, when nfeasured .|;»y B.A. aad* Is(j6celea 
Measures, ae well as by Degrees^aiid ^'linutes. 

.Conventoti ol An^e Measures. 

The following tabffe wiJJ sjhow how one measure maydje 
converted to anptKer, many of the fortnulie, however, being 
only ,o£ mathematical interest. . * 
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CHAPTER Xri^ I _ 

III I’lich ca«4e N isHlio T^uiiibcT of the angli' by the given 
measuit?, being th^required number by another measure, 
and B the angle in de'grijes. * • ^ 

TABLE XTI.4i. * ^ 


I « 


^^o-^pvcrfc. 


DegB. &Mins. (B) C. L. M. ■' A Cot of A Angle B. 1 

' * 

Do. Do. I , Ni “Cot of .*ingle B. 2 

?.)o. Do. Isos. M. I Ni-iCosecof iAngloB. 3 

< C. Degs. & ^lins,. B - Twice tlie Angle 4 

w’hose Cot is 2 X N or 
otherwise Cot AB --2N. ‘ 

I 

Do. K. A. M. ‘ Nf --= N - 5 

, 4N V 

* I . 

r. . -I AT Ut - '^(2N)“-M 

Dot Isos. M. , N, - or 




R. A. M. Degs. <fe Mins. B ^Tho Angle wliose Cot 7 

is N. 

4 

IV n T \.T NT .N+v/'Na + i 

Jjo. \ C. Ij< JVI ■ N 1 —-?-*— 8 

' 2 

Do. ‘ Isos. M: Nv-iV(N++ l 9 

r ' 

I 

Isosceles M Degs. & Mina.! B ~ Twice the Angle *10 

' w'hose Cosec is 2 X N ^ 

, I or otherwise Cosec 
^ I ^B- 2 N. I 

■ , I ‘ , — 

Do. C.L.M. Ni = V4N'-l.i-2 11 

V 

i Do. R. A. M. i Nft = 12 

I , - i 


168 


r 




THE CROSSING. 



Ah - AC - \ N" + aj- - \ Ni-f i (Fiiiclifll., 47). * 

Tht; trifinglo!^ /f C 1) (itid .1 ii K an- similar, 

mu r hCxAh • n‘ 

Ihereforo IID - ^ 

I • 


AnADC - jjj ~^N“7■i 
And AD =-AC-DC 


vNM-- i- 

N^-- ^ 
'v'N“+i 


A N--I- ? 




Then, ta.Uiiig the side's of,the riglit-.mgK'd triangle 
ABD, wegot:^ * 


^ ^ N‘“-i _ N 

CotB VN‘"+i ■ v'N"+f 


- —^ . N 

Cosec B=vN'+i-i- t- — r ■ 

A' N + 4 


M 1 

or N — — 


N 

Nl+i • 


4N 

Rule XII.-18. 


N 


Rule XII.-14. 


a'N“4-'* 


CosB = '-r“-.-i-VN=+i = ?-! ,-torl- ^ 


N"+i (2N)“.+ 1 

Rule XII.—IS. 

ItiO 





CriAPTEll XU. 


• ' 

The Tan, Sin, and^Sec, if required, are reciprocals of 
the Cofr, Cosec, and Cosirespectively. ^ 

The above formuhe'are useful In compili^^g a tabj^ of 
the Trigonometrical Batios of C.li.lVl. Angles similar to 
Table 30, and also »m converting migonometrical, formulte 
'i;L-to,n^s which do not mvV)lve the use of trigonometry. 

The’^orinuhe may be expressed in words, tiius: — 

For the Cot; deduct'from 'N', the. reciprocal* of 4 times 

N. Rule Xn.—13. 

(This rule also gives the B.A.M. of t*he anglt*). 

For the Cosec: add to N, the reciproentof 4 times N. 

Rule XII.—14. 

*For the Cosine; to thi' square of twice N add 1, multiply 
the recipro^'al of the ri's^ilt by 2, and d''duet the product 

ffom 1. • Rule XII.—15.- 

• ]^' B.A.M. llu' rati(js are; — 


Cot = N 

Rule XII.—16. 

Cosec = V ^ Hh 1 

Rule XII/-i7. 

.•Cos 

Buie XII.—18. 
• 

By Isosceles Measure, the ratios 

are: — 


Rule XII.—19. 

* N® 

Rula Xlli—20. 


Rule Xll.—21. 


Sums and Differences of Angles. * 

, In double turnout, and some other problems, it is 
necessary to ^nd the sum or difference of two angles. 

•' » ' . ' 

One w'ay of obtaining an exact result is to convert the 
angles to degrees and then add or deduct them in this 
measure, finally reconverting the result into C’.L, or other 
miasure in use. ^ < 

t «.The reciprocal is (he resuU of di\'iding (he niunberlnio 1; 

aee Chapter IV, ^ *■ 
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THE CttOSSlNG. 


It is possible, however, to obtam*the sum of two angles 
directly fnmi their numbers: —" • • ^ 

yLet S^the Numb'T of the S*m of two angles whose 
'Numbers artf N and M; and let D=^the Number of their 
Difference. I 

Then exact rules (Mi.M., aijj 


S = 


M + N 


jy (N X M) -f i 


Rule XII. —23. 


M - N 

W w 

and for approxiiijate rules we may neglect the |, and say-: — 

S = Pr(iduct of numberis-r their sum. Rale XII.->24. 
and Ds= * ,, differenei'. 

Rule XII.>-25. 

Examples : — * •, • 

^ 1. Required the sum of Ihe ancles 1 in and I in a.— 

(3 X 5) - i M5- 


By exact rule, S 


— 1 in Isl 


5 -li 3 • 

T, . • Q _ 3_>< 5 _ 15 

*• 

2. Required Uie difl'erence of the angli,‘s I in 4 and 1 
m6; — 


l*n 1| or 1-^ 


By exact rule, 


By approx „ D *» 


D = = 24} ^ . 


6-4 
4X6 ^ 24 
2 


2 

1 ip 12 


in 12 i 


6 - 4 ^ 

3. What dflferenee is made by inerc-asing^the number of 
an angle by 1. 

• In this case M — *N = 1 

_ N X M „ „ 

‘ Approx. li = —■£— = N X M 

*!rhijis the difference betweei^ an angle of 1 in 8 and 1 
• in 9 is:— 1 in (8x9)--=l in 72. , 

. * * • • 

On the same principle, the difference for j is 4 x N x M, 

for example, the difference bet}WBen 1 in 8 and 1 in 81^ is: — 

4 X 8 X 8{ = 1 in 2fH 

and the difference m the sj^rcad at the end of 12ft. ” logs 
will be 12^-f 264 = •fi5^ • 
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CHAPTER Xtl. 


i 


The approxiinnte Vules will serYt; w’ilh vctv Httlo error 
for Isc\!.M. iis wtOI as5»li.rj.5VI., but it is better to use exact 
rules for R.A.jM., whicll ore; — 


S 


D 


_(N X M) -1 

■ 'i^ + n" 

(N X -f- I 
M-. N. 




^ule XIL—26. 

I 

Rule XII.~27. 


I 


Setting out of Crossing Angles. 

The setting out of, an tingk' of 1 in by ('.Ij.M. needs 
no explanation unless the. }>osi1ion of one “ jeg ” of an angh' 
is fixed in a given line. * 

One inelbf)d in this ease, is 
1 ])liiC(‘ a one- foot mil' at I'icht' 
iigli's to a tape at .\ fet't (hereon, 



crossing point an<l one end tf 
tlu' ruh' toiiebing the givi'ii lira*, 
rhe’other end will theJ, ‘dvo th(' line of llie crossing 


leg, as indicated in big o. 


Ooneraliy. bo\ve\er, IkjIIi, in drawing and setting out, 
a better [I'x'oeess is to etaivert the angle to isos M. (/.e,, use 
'Falih^-'ll);. 'I'liei) nilfi the tape ring lield al the crossing 
point, sweej) an ;n'e with a radius--the Is<'s.M or^/N^lj-J 
(Rule Xri. I)),*and mark off a on,- lo<il chord. 


(Ireali'v accuracy will be. ob- 
taiiK'd by tirst multiplying the 
Isus.Dfr. and the <^e foftt b\ some 
nmnber. I'^ig. (') shows the line 
pf a >1 in -1 crossing jiroduced by 
.ibis method, tlu^ ftuiltiplier being 
10 . 

I 

The measurement of the Angles of existing Crossings. < 

When taking parlicubu’s for relaying, etc , care must ' 
be taken noj. lo measure the sjircad of a crossing where it is 
' affected by the legs having boon bent to a curve. 

• ‘ V 

When using an ordinary pocket rule it is recoinmundejd • 
th^t the distance betw'ocn the jiointw i\’luTe the gauge lines * 
are lin. and Tins, apart should b?i measured. 'I’his distance ‘ 
in ftet'multiplied by 2 will give the number. 

m 



I 






TIIK CROSSING. 

, A fyiiipl^ wny o^ meaniirin" 
MUglcs is t<4 tisc two thin ipclal 
li-nipl:ih’s ^ shown in Fi^. 7. 

I^lfH'0 thoso whort' tlu*Y lit on ' 
tlu* ci'os>.;ing, !oi(l tin* distance 
i)clwi'cn *n inches, divided 

I'V 4, wdl ipM- tlu' anj'lo. ^ 


i; 


r<c.a]r-7. 

Crossings cn the Curve. 

‘^rhe* (‘iTi'-siiiL; !(n..;ii' as dhiaincd i»y iMlcndation ij; llu' 
an|^]«.' l)eiwt’cii t\\u liiii'S. and \\h< re rniiwcs exlmid 

ihi'ou^li I III' (-rossiiftr ihcvii' stifii^lit lines ;n'e the 

1.indents In ilv cin^es ni the liin^pninl nl the ei'ossine. 

It will lie iMili’iit il'.a'i whin the (•I'n'-^inp ir^ pnt into 
Jhe mail, ii'^ will neeil III ndiii;:' to coninrin to the ciuwv, 
hnt that ilie li‘n''ili of iho (■i'os.,in<' w hieli is lield l)V the 
splaa-. cannot h,' hi nt. ^ • 

*'ro lirip in conforfcnin;: iho lo^s to tlio enrve the in^of 
:i sli^ditiy•wi-liT auiile than the ealenlalod .nielc is ria-oin- 
inendi’d when one «Tnv.,iii_L; leo Ii»s to bt'iid awa\ fnTin the 
otlier, and a narrower ani;le Bi llie reversi' case 

I'hwMi'ia-;.- -If one 1"}^ nf a emssini; whieli is calcnlatefl 
.ill I in 7 Ini', to Oe bent oniwards to a 7 chains c«i’\'’. 
should use a I in w hudi at -1ft. fryin thi* point wo^ld 
I'ave Jmore spread, ami thus nearix ^ive thi^ofTset due- th 
llie curve at 111., .ifti r whiidi jioiiil the h'Lj ma^V he curved 
as riMjnired. 

Eatdi f?ase will ni-ed special (toiisidertdion hearing in 
mind that wide anodes nu'an short Spiioi's which may not 
iipprcciahlx yiterf^n. ^vitll ih* curve, whilst a^ haig s])li(X'. 
may mean a till cnr\e entailin'' very little alteration to llie 
s],read. 


DliTAlI. DJMKNftlOXS OF VFF ('ROShlNOS. 

'I'ljj' notes under tliis headin'' mainl\ consist of a list of 
the particulars with wliieh the rcarh'r should he familiar in , 
tlio practice of the railwax lie is eiifiaffed upon, sj^apes being 
left to receive tin.' figures whfbli apply to the said.pjractice. 

Dimensions and notes are g^'en in some cases as u 
guide to tlie usual practice. 

'I’he reh'rence letters thi^s (a) indicate the dimension!* 
as marked on Figs. XH, 8 and 9, which show' typical 
crossings of w^de and narrow angles respecUivcly. “ 
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Cross.nq Checktha.r N-1 ♦ p’«'‘ Cha.r N? 2 orj. 

V , . 1_-1 '-!--i.4_T:{ 

"--‘i-"’--" ■"-■ Check raijor 

;,1— J U CuafdfU'l 

F-nepo-nlX.^^ Mf‘‘ , '^Cufecross.nq.R.qhJhand. 

««/-l_! ! ON,^ ; ■■'J,“- : 1. -l--^. :-'n i fl „ • 

^ ^ ^ -iTuu-T^J ' r?*'s Uj I j 

El&ttest Angle of Vee Crossing. Very 

* 'I’miling. Fnciug. Excoplioiifil. ixc-i'ptional. 
Usual .r. 14 12 IG 20 

.Rlv. . 

1 / r 

Angles of Crossings avaJlable from Stock. 

.A....Rlv.*:. 


Width o£ Crossing Nos^ (p). 

Usual imd ^".ji 


Nose of Crossing to Fine Point, or '* Fine Point Dls^ce " 

(f). ' 

This’ equals width of nqpo multiplied by Number of 
crosain" ^N). See Table 88. Rule Xll.—28. 

Length of Rails out of vfhlch Crossing Legs are made. 

j.Rly. Point rail (fO. , Spliee rail (b). 


m ? 

















I 
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THE OBOSSIKQ. 


w 

It may be noted that*Jong ctossinjj legs tend to smooth 
running, but may take up valuable sfatjc in siding groups, 

% '. I ' 

Again, when the heel# of the legs art' opposite, we may 
obtain bett^'r timbering,I but the change from crossing • 
limbers to .slt'epcrs cannot be made «s t^irly as when ihe^ 
heels are not opposite. ^ 

A point worthy of consideration* is that it may be^ 
adv?5;al)lt' for certain crossings to be made mth legs of' a* 
suitable length to suit the limbering in an ordinary crossovt'r 
roa<l with a Gft. spaw. • • 

Splice Distance, Grossing Nose to Splice End (e). 

.Rlv. 1 *in. 1 in. 1 in. 1 in...... 


Dis^aiioe from Crossly Nose to Toe of a following se^of 
Swftohes with no cutting of Rails. 


-•— 

• 1 

^long splice rail (k). * 

Switches. 

Along iK>int rail (j). 

1 

1 

1 in ' 1 in 1 in 1 in 

• 1 • 

» 

..j. 


Suitable lengths to shorten legs by, when switches 
followyig immediately after a crossing must bo nearer to 
crossing nose than a full le^ will allow. 

* .Bly. 
























CHAPTER Xri 


I 


. t“. ' • 

Note.—A s it bjjcpmes necosatiry to situate the toe of 
a s\vitch voTv near tfc the crossing nose, the crossing leg 
must be specially maSe so as toiform a stocS rail for tlie 
switch. . i • r 

length ot Cheok or Ouard Ralls \m). 

... 

Position of Cheok Kalis. * a 

Usually end of check rail is opposite to end of wing, 
Aviiich usually makoS. centn' of check 'about opposite neck 
of wing. ^ 

Length of Wing Ralls (q). 

.«... 

' 

W hen wings are belli on site their length is made to 
suiVthe fiarticular case in hand. * , • 

Position of Wing Rail. 

, The. free end is yist elear of the collar chair* making the 
length from crossing nose tc\ free (Uid of wing. 

...» .Rk,; h hi. 1 in. 1 in. 1 in. 


Flangeway olearanoe between Check Rail or Parallel Wing 
Rail* and Running Rail. 

.Rly. Normal (F). « At End Check Qhairs (Fi). 


At Check R|il End (Fa).' 


In the case of modern main line track, the followipg four 
.dimensions cannot well l)a inserted in this table. The bends 
are formed,, by compound curves, to decrease the. effect oi 
the kn6cking of ‘‘wheel flanged against them. Such bends 
are usually hinm'd in tliu workshops A paper bj' J. 'I'. I^ee 
in the “Per. W’ay Ins^! Journal” for 1910, Vol. ITT., 
describes how “ double bending ” may be done by the plate¬ 
layer^__ * ' _ 

* This refers to thia type of wtng in wliich the portion held in ebaire 
It parallel to ^he tanning rail- , ‘ 





















THE CROSSINO. 


..■-r-^- 

Length of Check and'Ptunllel* Rail Bends 

..H'ly- I ^ f 

Centre cf Neck Bend (ff Wing to Fine Point of Crossing (u). 

Wit'll ordinary circular Abends this equals:— 

Wing r^iil cloaranco (F) nuiltiplicd Jl)y crossifffg number 
“t- -- u-,Fx\. •' Rule XII.—29. 

* F.xampi.k: —- JS-8 and F---ly'' 

Then u-r‘"x8-l' ' 2 ^. 

Gap between Miing Rails at Neck (g). 

. my .*... 

Length of Wing Rail Neck Bendt(w). 

With ordinary single circidai”»beiids this equals: — 

^ g minus F, imdtijdied ijv i times No of crossing, (fe*.— 

• v\ - (g - F) X 4 X X. Rule 3^.—30. 

I'jXAMPiJi:— N = 8,,F fj", and g^- 2,J". 

, Then \v-(2i"-Jf')x4x8 
=-‘£_0".- 

Position of Crossing Blocks. • 

.Itly. N('ck block. Vc'o block. 


TATiLE Xir. 2. 


OB.()8Sl\(r CHAIRS. Spuead. Position, etc. 


(Refer 4,0 Chapter 111. ancF.Figs. III. -6 to 10.) 

Spread (S)= Width between gauge lines of rails at the 
cent^’c of the chair in question. 

J)istiince of a chair (centre) from tine point of cixissing 
will be S multiplied by No. of crossing.! • 

Distance (y and z Fig. XIT.-B an^ 0), ^betyeen two 
chairs will be the Difference of their Spreads mviltiplii'd by 
No. of crossing. , 

The Table will serve as a list of chairs available. 

--. . I - I 

♦ This refers to the type of wiiig in wliich the portion held in chairs 
is parallel to the running rail. . . • 

t This will not apply to .a neck chair when it is situated on the neck 
bend of the wing mils.*' ‘ | ^ 
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Minimum Lengths of Checking. ^ 

Where j>ne crossing is near to another or near to ‘ 

^ C* C 

switches, rfs in double turnouts, scissors cross-overs, and 
slip roads, it may be necessary to determine minimum 
distances of ends of check and wing rails from nose of 
crossing, or in other words, the uiininlum length of checking 
that IS i^ecessary j^r safety.* Such\ 2 ases will of course only 
occur where the^iJ^ual checking cannojj. be obtained. 
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THE CROSEIKO. 



It is difficult to Ijiy down.rule^ but in the case whore* 
the crossings ure not flatter than Isay 1 in 8, the following 
roTjnarks Jtoay be of service. i ^ 

* Since t!ie purposeJof the check rail 
is to keep the wheel flanges moving iij 
a straight line over tog crossing ^ap, 
we must in the case of a wheel 
apj)roaching the crossing in a failing . 
direction, at least get the portion of ^ A 
tile wheel flange luliich is below rail ^ 

level, that is tlio length A on Sig. 

XII.-10. into the straight portion of the check rail, just 
before th(* oppo?iite flange reaciiu's tlu* bend of the wing. 

I’o fix upon "the length A. we will take a wheel 3fl. 
radius (R) as being near to the largest in ordinary use; with 
a verv far-worn tread causing Uk* flange to be# 1 Jins, depp 

(V) tb(n:. _ _ • 

A - ^8 X V X R (Huld IX.— 

■ X 1 1 >^36 (all io inishes.) 

- ''432* 

-= 21" = 1' 9" 

Thu straight, portion of the oheck .sliould at • Ipast 
continue to guide the wheel flange until the»length A is clear 
of tile crossing nose. The straight portion of,the check thus 
becomes: Ah-|w +u-f-f-f-A 

which with a 1 in 8 crossing and g = = und p = ^'' 

becomes:-- 1' 9"+l’ OWl' 2"-}•('." + ]' 9" j 

" l i" • 

To this M^*must add the length of two begt ends, which 
wo will make shorter than usual, say 1ft. SIl.-.. each, and 
thua obtain the miniimim length of check rail as 9ft., 
5ft. 4ins. of which is in front of fine nose, and 3ft. Bins, 
behind it. • • 

The wing should naturally extend ^s far as tj;ie chock, 
and its length behind fin. nose acfjording to tfle above is 
3ft. 2ins. for all angles, which ghows that the above must 
be taken with certain reservations. 

Further notes ap^lyin^ to this matter are included •In 
the chapter on scissors ^ross^overs, and double turnout^. 
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CIIAPTEK XIII. 


' I 

CHASTER XXII. 

h 


/.V'lTCIIKS AND CROSyiNGS, THEIR OURVEy AND 
.DISTANCES. (JEN:ERAI. RVEES 

It is nnw proj)()s('(l to (k'.scril'i' a so't's of Icadiri}:' rui.’S 
ImIucIi may Ijo appliial in Uio solution of ])oints and crossin<f 
j)robl(’nis. 'I’hoso nili-s arc collcdi'd in Tables 2,”), 20, and 
27, and will afterwards be referred to as the “ (b noral 
Rules.’' 

Their naithematical proofs \vil] la' found in ('haj)ter 
NJV. and examples of Iheir use an* ejvin in the tn'atineiit 
of the various track arrai';:ri'nients. 

FIC.XLIH. 

* a ^/IngleA orlinM „ 

-^T- ~ - - ^ 



The arrauei inent t») whie.li the Gemral Rules apply is 
whire a “turnout “ is coiieerned and nia;\ be described as 
follows: — 

A straijrht main rail A Ji (Ely. XlII.-l) is eiven. af^ainst 
whic'h a strai^l t switch line (' D'of j'ivon leiij^th (If^) makes a 
eiven allele (A "). 

A curve' 1) I'j F springs from Iht' switch and is tange'ii- 
tial thereto at. its heel D. This c;urvc crossVs a line G E J 
parallel to the line A li: in a turnout this is the other rail 
forming the main track. 

■j At the tirst perusal tliis chapter and tlie next* the 
reader is adi^ised to have in mind thii idea of the simpki . 
turnout, With its crossing of the other rail of the track alone; 
then to go over the matter again, extending his view to the 
' case of the turnout curve \Hien it crosses some other track 
parallel to the line A E. He will then see that tlu' rules are 
applicable in many varied cases* It*<w'i11 only be the cross 
wicUh from the switch heel to the rail on which the crossing 
lies, which will differ in the various cases. , 
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__GENERAL 11ULE9. 

Amongst the problejns wliick the’riiloa givon will serve 
to solve, are those of the double linelj^nction and tlie*crosH- 
ovir road \^i]cre oiu' (jC,the load cilrves continues through 
both »rossing>^ Later itVvill hi' shown that the solutions of 
certain double turnoutfand scissors cross-over problems 
follow from the same ieilling rulesv , * 

'Fhe following symbols will bo used to repnisenC the 
dimensions (■<ihca'rni'd '* * 


-V' —The switch angle in degrees and minutes. 

S - The length of the switcli. 

11 - The disergi'Uce at switeh lu'id. 

M --'I'he miml*')'- (if tlie swttcli angle by centre line 
tlll JlSUl'c. -- S V 11. 

*( 1 ■ ■ (I.iugi of the truck. 


W ' \\idiii onm >-v, dch bill to a fail oii which fi ji-rossing, 
in iin.'-i iiui la-.; in t lie cast* of a turnout W--(1 - IJ. 

“ Aiigl-' of cro'---i»i>.' in degrees and mimir.-s, and ii^rflie 
.higle ihc m.iin line makes w iili u tangent jto tlie 
luiaumt curve at the crossing ])(ant JJ, 

N’ - -Vuiiiljei' ol the crossing augli* hv ci-ntre line measure. 

• n n ,7^ ^ 

L - la'iid or di>lauce from iiii' switi'h hi'el (r) the crossing 
line poiiil, mc’a'.ured along the main line whin the 
rail is siniiiilit. • , 

V - X'ei’scd ''iiie of liie lead ciJi've oil a cHlird extending 
from "witcli heel to erossing point. • 


.11 -- liadius of the e.iiti V viiil in the turnout curve. 

» 

Whatever the probli m given, we ijiust always know 
heforehaml ^ 

(i.f Thc«(lauge. * 

(ii.) 'I’hc Switch Ihel Divergence. 

(iii.) 'rix' Switch Length. • 

r i * ^ 

The choice of a suitable lengili of switch may however, 
be li'fL to the calculator, ii^whicli casi' the rules given in 
Chapter XL should be used. 

Wt^en dealing with anything be;^ond tlie simple turnout, • 
t^e width W mu''t also he known , 

In addition to the aboM: Ifnowu dinii'jislons, ih^irf* must 
bo given one of the following further dimensions, before a 

* lu thia volume the inside edges of the rails are used in all calculations, 
for reasons given in Chapter Xj^V. The General llulea will apply when * 
the outside edges of the rails are dsecl, if the symbol “O” is taken 
as representing the gauge plus th6 width of two rail h^adH, or with usual 
standards, 5 feet 2tinche8. . 
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problem can be set fir soUition, nf^mcly, either:— 

The Crossing 'Angle, 
fThe Kadius, oV 
The Lead. 

One of these being given, th(^ problem will^bi' to find 
'the other two. . • » 

Th^ Ellies cpllecti'd in 'J’ables Kos. ‘25, ^0, and ‘27 eiiii 
be applied to solve any .problem which may thus bo given. 

Eulea sire also given to find W when, as in some spe,pial 
pioblems, this is the required dimension. 

'I'he process employed in makingrup the 'I'abU's has 
been as follows ;— ^ 

(1) The Eules Nos. la to 8a (Table ‘25) are dedueed 
from first principles by (leometrical Theories, supplemented 
by Trigonometry and Algebra. 

• Tlie Vormulif obtained tire accurate and easily used by 
those possessing an ('lennmtary knowK'dge of 'rrigononadry, 
in^ding the usi' of Tables of (’osinr'syl’oiangents, etc. •''he 
Tabloit of Hwiteh and Crossing Angles (28 and 30)'will [irove 
of great assistanee in the eSiIeuiytions. 

^ The formula* ai^ naturally the same as thqsc arrived at 
by other writers when working upon purely mathematical 
lines. »' 

. * (‘2) The sveemd* procedure is to ronvc*rt the first set of 
formiilit into Vule.s en.ililing flu* Crossing and Switch Angles 
to be taken ns they are measured in practice; that is, not in 
Degrees, hut by thi'ir Bates of Divergi*nce, which for reasons 
explained in t'hfipter XII. are taken as the Centre Line 
Measures of the Angles. 

Eules to 7b (Table £0) are thus^ obtained. Tliesi* 
may be employed by using ordinary arithmetic. 

(8) In the last-mentioned Eules, notuic is now taken 
of terms \which may be neglected without unduly affecting 
accuracy. Then, after simplification. Eules Ic, .Id, 2c, 2d, 
3c, 5c, and 7o ('I’able 27). are obtained. 

Much labour in calculation is saved by the use ©f these 

* Eules, especially if Tables of Squares and Eeciprocals are 
employed,® and ^.hey will givj3 results sufficiently accurate 
for many purposes. 

(4) It will be noticad that Rules numbered 4a, 4b, 4c, 
6a, 6d, and ()C are not given. Such rules would bo complex, 
•and are not necessary, becapse after finding the Crossing 
by Rule 3 or 5, the Lead.or the Radius, as the case 
may be, can bePfound by Buie 1 or 2. 
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OEXEBAL. np^ES. 

In case it is needed? howeveV, tpifind L or E wj^hout 
previously finding N, Approximate ^iulcs 4d and 6d are 
given ^vtlicl^ are arrivedlat by a different principle to the 
other rules. ^Fhis principle may be named the " Offset 
principle.”^ Rules 8c to lid arc also bascid on this principle.' 
Rule 4e is derived from'Eulea Ic* and To. Eule 6e arises^ ■ 
from Eule 4e.. 

(5) 'I’lui General EuliA arrived ai*may next be adajded 
to ihe standard dimensions* obtaining on'any par.ticular 
niilway. In this work* this is not carried out except in the 
operations of the next process. • 

('0) When th# particular ^^andards namely, Gauge, 
Switch Heel Diver^i-nc(‘, and Spaces between Tracks are 
fixeil, a system may be dc'veloped which may be named the 
" Syntcin nf Factors.'' 

The details of this system will be dealt with in iL'hapter * 
XXIV ; for the presiait, it may he sialtjd that it consists^in 
Hntttng synple. numbf'rs by whieli \ve may multiply^ or 
divide a known dimension in a ^turuoirt or other awange- 
ment, to givt- the unknown rymensions. 

* • • 

Explanations* of Tables 25, 26, and 27. 

As an exam])le, su])pose \ve are given the Eadius of a 
Turnout, and fire asked to find the XunTber oi'*lhe Crossing, 
and the Lead. * 

Looking dow'n thci first column of efieh df ihi* three 
'Failles for the dimi'nsion given, name[y’, the * Eadius, 
<']>])osite to it firt' seen tin' Rules Nos.,3a. 3b, and 3c. by any 
one of which can be found the Angle of tKc Crossing. 

If coavofsant»with Trigonometrical Tables Vind having 
them at hand, wc may use Eule No. 3a (Table 25.). If not, 
we may use Eul<»^o. 3b (Table- 26),*noticing that fhc result 
is obtained dirt'Ctly in Cli-ntre Line Measure. * 

If jt is wished to reduc^' the labour of calculation to a 
minimuiii, wo may use Eule No. 3c ('Fable *27). the results 
not beTng quite accurate', but npar enough for usual 
/)*irposcs. ^ 

To find ^he Lead after hav^ug found thd Crossing •Angle, 
Eule No. la, lb, or Ic may be employed, according to which 
type of rule w'C are using. * 

An approximate Eul^, No. 4d, is included, which will, 
give the T^ead without previous^ly finding the Crossing Angle. 
It is, however, usually better to first fiiM the Crossing 
Angle, even if ft is not Squired.* I 
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The above will s#rre to explain* the ust- of the Tables as 
far as Eulos 7a, 7b, atiq 7c. These Rules are tc^serve in the 
solution t>f such a probjeni as the following :-|- 

A junction line of 30 chains l4iflius is to spring from a 
double, straight nuifh lipo; what nuLt the Space U.'t\\e»*n the 
mair*K be, in order that the (liaiuond crossing may not exct'ed 
] in 8 ? « • • ' 

in this problem R‘and X are given, and W is requiri'd. 

From either Rule 7a, 7h. or 7c, 'W may be found, .'iiid 
the Space can bi* arrif.od at by deducthi,g tl —11, 

Rules 8c, Oc, and 10c ;nay be used al the conclusion of 
the other calculations, to lind the Versed sine (V) of a 
turnout curve on a chord stretched betwVcn switch heel find 
crossing point. 

‘ ThwV may hi* usef], in tlu' riielhod of “ quarleriug " to 
seL^ut the curve at as many points as is wishcfl, which 
mc^od may he considi'rcd jireferahlcMo aiu othej'. suclf as 
offaetsikfrom the inafn lail.^ 

I 

Application of the Joules to the case where the Main Line 
is Gunred. 

. So far ii\ the ^explanation the Main Line has been 
a'ssumed lo b^' straiglil ; the ease when' the Main Line is 
curved will now he considered. 

i 

It is possible to evolve exact mathematical rules to 
solve all the problems in this case. 

The earliest wAirk in which the authors have rncl with 
a mathematical tretitmeiit of the turnout frwm a curved 
main, based upon a switch which would la- straight if placcvi 
against a straight maiij, rail, is that of \V. Prior Ilales, 
published iiL 1880. • 

The problems have also becni treated by Preston and 
Rarnnrd, Proc.fnst.C'.F.. lOOp' siqipleniented by Voung, 
Proe.lnst.C K., 1002: the latter applying the rules v;o that 
the Leads ma\ be measured along the curved rails insti :yi 
of alon^jjiifl iniagjuary line at,ngbt angl(?s to the line across 
the heels of the switches. 

Whilst these invi'stijfations are interesting, and exact in 
^treatment, the working rules are by no means simple. 

By making certain apprJxima^kjns. there is, however, 
it way of simplifying the nvliolo (Question which will now be 
explained. ' * 
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GEXBBAL RULES, 


T 


The Prlnolirfe of EquiYalent Radlu^l 

It is an^inportant fuct, and a v^*ry fortunate one, that 
all Turnouts %vhich have* the same Angle of Crosliing and 
the same Switch, will luwo practically hie same Length of 
J.ead, whtifiher the maij| lino is straight or curved to any 
radius. Tlie Lead referred to is measured in all cases along 
a tangent to the main lino at IJeol .of ^^vitoh, tes^.a point 
opposite the (’rossing. ^ ,* 

•Further, if tlu- luaiii is ourv»-d, there \fill ht* a definite 
ri'lalion ladween the ifadins tif thi' IVIaiTi. the lladius of the* 
I'urnoiil from tlu* (^irv(‘. and the Kaifius of tlie, FuriKail if 
il had been from a«Straight Maii]^ 

Tliis last is knywn shortly as the K(|uivalent Radius, 
"I' mon* fully as the laiuiNalent Radius for tin* particular 
(Vossiiig, <uid its Lead wlu'ii oii a Si relight Alain. ^ 

'I'lu- ,i|)j)j‘oxim:ite rules as to •iMjuivalenl Radii wen*' 
nvognised 1)\ l)onal(|^tin and other early uritirs, alst hy 
the auth(;i‘s referred lo .d) 0 \e, anil it is lj( lie\ed that the 
oonveuii-nt term, “ Fijuivalcait Uadius,^’ is dui* to f'. \V. 
Atkinsdii. • 

IVi slant llif relations between life three Radii mer/- 
tioiifd, let * ». 


R„i Rad gf Alain. , .* 

lit ■■ Riid. of d’urnont. * 

Rf -Fquiv. Radius from the Straight.' 


Th('n : — 


Rules XIII.—i to 9.‘ 

_ •± _ 


•-r-;- , »- 

Turnouts of Similar i Turnouts of Similar 
Turnouts of Contra Flexure where Turnout Flexure whei^ Turnout 
Flexure. Tlaclius is less than llfaiii lladius is rpreater tlian 

Line Radius. j Main Lii"? Radius. 

• 

p Rin X Ri 
^ ■ Hi.T+Rt ''' 

= (2) 
Rm Re 

^-=T-r: 

• 

• 

itlll ilt 1 

• i * 

■n _ Rnt ^ Rc 1 -n _ 

Rt , tj 1.51 Rt - 

Rtn + Re* ! 

i 

Rm = |‘-^ -^ (6) jEm = 

_1 .1 

_ Rui X lit (n\ 

"Rt-E™ 

_ Rm ^ Re (ci\ 

■ Ro - Rm" 

_ Rt ^ Re /q\ 

Rt+Re ^ i 
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CHAPTER XI II. I _ 

Vhese very rules meani that the product of two 

known Radii divided bv their sum or difference, as the case 
may be^ enable the required radius in anv nfoblem to be 
found* { 

Examples wdl> be given in tht^general problsms treated 
lateu and also in Chapter XXTV. The radii should all be 
taken af^ that of llu' rail on which the crossing lies. 

Jt is interesting to notice, Miat if, without altering its 
length', we transform a turnout from the straight into*«.)Ue 
of contra flexure, with radii of main'and turnout equal, we 
shall double the turrfbut radius. *• 


Again, if we transfonir. the turnout <nto one of similar 
flexure, curving the main to the, same i;adius as the turno\it 
was from th(* straight, we shall halve the radius of the 
turnout. ^ , 

Fof example, all ilk: turnouts in Fig. XjII.-2 will have 
tliWfcsume erosMiig, lead, and equivalent radius. 




The Irftt remarks are sutheient to shtw tlio foundation 
for the following approximate, but servieeuble, rules for 
tlie:— . 


Versed Sines in Turnouts from the Curre.* 


Rule Mlk -lO. The V Sine 
on thb Lead' Curve for 
a Turnout of Con^a- 
flexure. 

^RuleXIII.-ll. TheV Sine 
^ on the licad Curve for 
'■la Turnout fof Similar* 
flexure. I 








V.S. on same Lead Curt^e 
from the Straight, leas 
V.S, of Main Line on 
, same length of chord. 
V.S. on same Lead Curve 
*from the Straight, plus 
' V.S. of Main Line on 
.s^rne length of chord,. 



Or refwring to Fig. !&ni .-2 :*— i ^ 


GENERAL 


For Turnout dl^ontra-flexure, Vt = V Vm Rule 3^11. — 10. 
For Turnout of Similar-flex'iire, Vt = V -f Vm Rule XIII. — 11. 

To adlipt the Equil. Radiua Forniulre for use with ^ 
'Pahles of Bociprooals, divide the nunierator and deno- 
luinator by the nuineratcji- thus:— \ * 

12 __ Rm ^ Rt 
® ■ Rm + Rt 

i 


Re 



1 

Bm 


This in words nnans :— » a 

b 

'Po And Re, add tiu’ Reciprovids of the known Radii, 
anA take the Ki-eiproeiil of tin; sum. 


Lead measured along the Curve? 

Rules tiave lu'en dt'veloped by^ some writers fcr 
obtaining the distanee from switch heel to fine point of 
crossing ineasureil along llie curved rails of a Turnout, 

• * ** m 

Tt does not appear to be necessary to dca»in detail with 
this question, as occasion for the use of the rules scddoiii 
aris(\s in practice. 'Pile reader who is interested, may refer 
to the paper by E. TT. Voiing. iu tlie Proc. Inst. C.E., 
Vol. ir>0, 1002, and to tlie articles .in the “Railway 
Engineer,'' commencing Octa’^er, 1920, by C. p!. Lobban. 

The following approximate rules will give within ^in. 
the, increase in *ijength of T^ead lueasured on the curved 
turnout rail, ovcr*thc Lead measured on the starlight main 
rail. 


• 

Gauge. 

Increase. 

(Rule XIII.—12.) 

5ft. fiins. 

... 21ins. 

4 -No. of Crossing. 

5ft. dins. ... 

... 20ips. 

■i- M * 

4ft. B^ins. ... 

... 18ins. 

“ > » »» 

3ft. 6in8. ... 

... IS^ins. 

# 

M » 1 

Metre. 

...^ 12^inB. 

"if II 
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CHAIU'ER XIV. 

—- 


I 


CHAPTER ;XIV. 


SWITClfKS ANb CTlOSSIN(JsJ. PROOFS OF TIIP] 

(iFNFEAL RUFFS. 


A foiuplfte list ruk's/js in l’iibli*.s ii."), 

20, nn.'l 27. A' do.scription of tlii.* ;jfi nor.il probU ni and of 
Iho p:cncral appJical ion (d‘ tlio riili's ‘in prac-tifi- i.s giM-n in 
Ohapk'r XJII.. wlitaA a of Iho .Mn^bol.^ ust'd ap])car^.* 

In tlip following pro\f‘^ tlio (imonfl Curve' Rnlo^ of 
Chaplor \'J. will In* brought inlr; Hciwioe;. and in this rt ^pi-ct, 
tho similarity of tlu' ]jortion 0 1) l\ K of Fig XIV -I to 
Figs. VI.- I and 2. should lio notu'i'd 


Trigonometrical Ruleig (a). 


Rule lio. la. 

K 

To prove Ll^ut L - W x Cofc 






Angles G -f E = Angle B 

.. C - Vl = „ A 


Adding, 


2G 


• A + B ■ 


-i- 


* In this Chapterjan additional syinbol Ls is used to^denote tlie Lead 


measured on the skew,. 
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PROOFS OF RULKS. 


Dividing by 2, C? = * » * (X.) * 

\ - 

Subtracting, 21 ‘j -- li - A 

• - j * - 

Dividing by 2, E = 


"T 

y. 


E -- A 


Now, 


m 

^ ^ Cot*G ^ 

E = W X Got G 

t 

L < Got I (Rule la.) 

(Buie 5a.) 


from 1 


Triiiispo^i)ig, Got 


I'. L 


Rule No. 2a. • 

Anglo E, E ^ 

Sino I'i, 

i) 

• Q y,; ^ ' 

• Siiio r. 

that is, from J 1 ., K ' n v 

Sino ^ ‘ 


From 11. 

,.41# 


. (flf.) 


Again, 

. c* A-1 H ... \V . 

Sum —— Pmo C ■ , ~ * 

j 1 J 3 

.. r _>y, . 

A + H 
Sino .. 


• • 

^SuVifltituting tliis in XIT., 

1 


, . W 

^ X . 

A t B 
Sine. .5 “ 

til 

"Tnrrr" 

Sine 


• f 

]?, - ■ 


_\v_ 

Sine -i- X Siuo~y- 




g 


<^APTER-XIV 


.’.By ^ig., “ Products) 
' into differences” ) 


lets) ,1 i_ [ 

II i'-i« 


w * 


Cos A — Cos B 

wr 


(Rule 2a.) 

0 

(Role 3a.) 


.Transposing, Cos B Cos A - 

Also ■ W -= B X (Cos 'a - Cos B) (^ule 7a.) 

Rule No. 8a. ' 


. Angle = 


B ^ A 
2" 


/ 

»• ^ ' 


that is, 
but 


« -ri _ AfO 

OJi] y 

MO = OE X Cos E, 

iVO = R X Cos - 

• 2 


MO = R - V 


R — V-= .R X Cos 

I 2 


B - A • 


V = B - (li X Cos^---'^) 


..V = /lx( 


B - A 


that is, . V = R X Vore - ^ 

Centre Lind Measure Rules (b, c, and d). 

« 

In tho chapter upon flic Crossing it is shown that when 
the angics and J3“ are 1 in M and J'in K by O.L. 
Measure: — 


Cot 4 = 2JI 
A 


Cot-|;-=2N 


Cos A - 


4M2-1 


m 

Rule No. lb.. 

By Rule fa, 


^ „ 4N2-1 , 

Cob B = ( I. 


IN'-s-fl 


L= WX Cot 


(Me XII.—4). 

16). 


n 


a+b 

2 ”' 

A 


(Cot '^xOot?)-! 

A \ 2 ■ 2/ 


Then by the rules of Trig.) W>5 ^__ _ 

for compound angles, 1 . A , 

3* 3 
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vSa«»Mtuting tile •_ I QM x 2N) 7l , 

for Cot - and Cot ’' oxt i o\v 


for Cot ^ 

V 2 


L- Wx -.1 
'^2(M+N) 

L=2W X' “ ^ J (Rnlo lb.) 
•M + N 


Rearranging, L=2Wx (Rule lb.) 

]iy neglocliug the gut* Rule and then by 

dividing top and bottom by 2 AL N we g<c Rule 1^- 


Rule No. 2b. 

J3y Rule 2i?, 


s'- 

Cos A - Cos B 


w 

Suhslitiiting the vs\hie8')p_ W 

above fo»Co3 A it Cos B) jl.mj _ i — L 

.4M2 ’4-" I “ 

T> _ _w_ 2 _ 




U_wx- • 

E = Wx_ (Rule 2b.) 

By neglecting the -t + we get Rule 2c, and 

then by dividing top and bottom by 2 M- X- we get Rule 2d. 

Rule No. 3b. • 


By Rule 2b, E ■ _ 2N - 1 

Cross multiplying, 

* • 2RM-5 - 2RX-i + W V2 + VVM ^ ^ 

-Transposing, 2R1VP -*WM» --2RX^ + 'tWM-^XS + WN^ 

. 4 

M2(2R - W) - Y - N^(2R } 4WM-^ + \V) - 


M2(2R-W)-^ 
2R + 4\VM2 + \V 




• /M^(2R-^ VV^ 

2R + 4\\to+W 


Rule^b. 
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By.neglecting the 


and the 4-Wi “ay place ®He 

'i' 


outside of the root sign and cancel, which will giv^ Rule 3c« 


Rule No. 5b. 

By Rule lb, 


L = W X 

liMN - i L 
M + N ' W 


2MN - i 
M + N ■ 


Cross Multiplying, 2]ViN\V - = LM + LN 

\ 2 


Transposing, 2MNW — LN = LM -r 

LM f 


W 

2 ' 

W 


M __ 

“ ‘JM'vV - L 


Rule 5b 


Rules Nos. 7b and 7c.' 

'I’lu'sc aiv urrivi'd at l)y transjiosing in Rules 2i) and 2c'._ 
■ “ ' \ 

Rule No. 4e. 

Take; Rule Jc and-instead of W sulu-ntute its value liy 
Rule 7c. By ca- celling. Rule di' is cijlaiiied. 


Rule No. 6e. 

'riiis is arrived at b\ transposing Rule le. 

The reinainiiig rule'-' are hasi'd up()r\ what may be 
termed tlu‘ “ OtTset Principle” lU which certain .ii)proximu 
tions an* made at the outset 'Fhese do not s(*riouslv affect 
the a<‘curac. of the results. 

It ma\ I'/i* noted that not only the rules which follow, 
but approximate rules to ccwc'r practically all the ju'oblems 
may be evolved upon this principle without the use of 
jrrigonom»;try. 
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J PROOFS OF BULKS. 

T--^- ^ --1--- -J - 

Rule ^re. ^ ^ , ,, 

Befemtm to Fig. 2 wo see that 7) if?, which will be 
named the ‘^kcw Lend ” or L g, is u chord for th» are D E 
of the turnout curve whose radius is IL 

Als.) \Theii the switch lijio (' IP is pitilongi'd to K, 0 iii 
the oft'sel tor the same are. therofoic':— 

. IjI = 2 O X R ,' By Curve Rule 17. 

But 14 L‘“ Euclid I, 47. 

L2 + 2 X O X R 

or ^ (2 X O x^) -W- (I.) 

Now draw 77 i'*])ara1lel to CB. We then havo'KDP 
as the switdi angle (1 in j\f) with D V as its centre line. 
Then heeause ?]•}{ P is neavl\ parallel to W, 


O W — J“ (approx.) 
And because, DY L, (, *, ) 

and J ( „ ) 


Tj 

M 


Therefore, O —= W 

Substituting this in (T.), 

L2 =• ^2 X (W - *^) xHl - W“ 

‘ .M i 

Simplifying, 


L" = 2WR - W» 


:m 


2R 


Transposing, L^+^v^ = 2\VR-W3 
■f M • 


( 11 ) 


This is a quadratic equation, so, add to botji sides the 
square’of half the co-clllcieifb of the unknown, i.c. : — 


Take \/ 
Transpose, 


_.t_ .. ^ • 

^+I=v/2wk-w=+-: 

Rule 4d. 

103 


G 



CBAPTER XIV, - 


Rule Uo. 6d. , 

I 

From (II.) nbove, 


L^i + W* = 2WR - —L 

M 


= R(2W-^-) 


La + Wa 


M . 

^ M(La-fW2) 

2(\VM'-L) 


Rule 6d. 


Rule No. ''lo. 

TIiIh is obtainofl by solving tho quadratic equation II. 
above, for W. ' 

Rules Nos. 9o and 10c. 


FlC,. XTV 




linNc/ 



X y 


Referring to Fig. draw E L the centre line of the 
crossing and G K at right angles thereto, th^n, 




but, EL = Ij approx, so. 

Again, 

DK=GK-GD 

but DK=Oi and ODs=W (appro?^.) 


o. = f-w 
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but V = jO or iOj * 


So, 


v=~ 


JJ - w 


tf 

Ru^ 9c. 


Unrlor Itulo 4(1 aboVr, it wiis sh|wn thftt 

L 


O = W - -- . (approx.) 
3d. 




So, 


V = 


w - ^ 

.M 


Rule l&c. 


In spite of tf!o npf)rf;>xiinaii6ns, Rules 9e and 10c will 
s^ive tlu' V in ;in nitlinnry tnnuuit with no inore thim ,\‘in. 
error. 


Rule No. 8c. 

Multiplying Rule# 9c by IN, 
,, ,, 10c 4M 


Adding 


4VN - L--WN 

•IVM- -\VM -_L_ 

4V (Md-N)-W (M-N) 

.• \\ (M-N) • 

■ ‘JW N ■ 
M-N. 


4 M + N 


Rule 8o. 


This rule is not intended for use in ^wactice, but is given 
diow that V Wi ikjT (U^pendent upon the Radius or the 


to show 
Lead. 

Rule No. lid. 

In Fig. 2, 

and, 


W = O + J 

O = 2R 

T -i 

“ M • . 

w = y _L. 

2R M 


(approx.) 

( .. ) 


Rule lid. 
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CHAPTEll XV. 


CHAPTER XV. 


! Tllk TURNOUT 

Types of Turnout. . 

'FIk' varion^s types of irririioiit in use will first 1)0 
described, the renuirks applying to the ease where the main 
is straight. r « 

I 

Type (1), Uig. XIll.-'l.—Having a straight switch, and 
a crossing either straight or cnrve<l and- with a true circular 
curve heivvi'eu tangential to the switch at its hi’el. and io 
th(; crossijig at its poiwt 

Tins is the usual method in llritish ju’aetice. and it is 
tijfO case to which practically all tluvitidi's and Tables ha- 
points and crossings given in this, \olunie appl\. 


Type (la), Fig. XI. 11 —Similar to 'l'>pe (1). Imt wheri* 
r.nl,) llu' portion of'.,he switeli Ix'twt'i'n Us toe and a j)oint 
where Uhe wlu el tlange eletu’aiice i^ obtained, is straight: 
the reinain(hy of tlu* switch, towards the la-el, forming pari 
(vf the liirnou'j, cnrve, 'this pt)int ina;, be regardeil as the 
virtual heel of the switch. 


The Oeneral Rules and Tabit's nia\ hi' userl with this 

b- 

type, the swilcluleugth being tahen as the distafjce from the 
toe to the virtual heel, at which point the divergence '‘H " 
nuist he incasuri'd. 


Type (lb), Fig. XV.- fl.—Similar to 'I'ype (1), hut with 
the straight line of the*switch continued to a ])oint beyond 
its heel. 


This type will occur whci: it is necessary to' use a 
certain angle, of crossing with a lead which is longer than 
its correct lead for a turnout of Type (1). 

A,compound curve w'oul.d do away willi the straight 
behind the heel, but would introduce a curv(3 of less radius 
than the siniplo curve. 


Type (lo). Fig. XV.-4.—Similar to Typo (1), but with 
a straight length in front of tlie crossing point, the turnout 
c\irvc being tnnh^■ntial to this straight. 
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_j_ THE TURN OUT. 

This is the usual Cfjsc in AauTicIn practice, wh^e tlie 
crossings are of the “built-up" t^'pe,. and therefore the 
portion of wing rails in fr(ajt of the crossinj^ and the 
legs of the crossing, cannot well be bent to a curve, ll has 
the julvuptjige of giving wheels a straight run over tiie 
crossing gap. I * 


This ty[X‘ will occur when it is iiicessary to use a 
ctrtain angle of crossing Vyith a leiVl which^is shorter than 
its correct lead for a turnouf of 1'ypo (t).* The curve, how¬ 
ever, will be of less fadius than if the crossing Inuf its full 
lead. • • 


In lh(' “ System 
applying to the tnj-iuait 
Oins. ('l'ai)le IH) 


of Factors" are included factois 
of Type (le) when J) is bins oj 


Type (Id).— Similar to J'yix* *1), bul when»*the curve 

clianges in radius la'fore reaching flic crossing point. 

• • 
riiis can hardl\ he hjoked upon a^s general type. It 
tnay oi'cm- tlirongh xmne necessity of the giaieral ou'i’iine of 
the work It is a ease ijf which drawing or setting out is 
the only j)raclic:il iiieai\ji„(j#^S(jlution.jt • 


Type (2).—Having a .straight switch and fl. e!(isv.iiiu 
either straight or curved, with a en«ve hi^teeii which is 
originally calculated lo he tang^'iitial to thP main line, and 
afterwards adjusted to he tangential to the,switch. The 
existence of this type is du(' to a method of calculation whi(‘h 
should be diseardi-d. Its supporters arguf» that the calcula¬ 
tions arc simpler^ and that it enables a.branch lini' junction 
to bo laid in e^'actly to tlw centre lino pegs of tlu* new 
branch railway, which are set out tung('ntiar to the main 
line. 

” • * * 

With regard to the lirst contention, tit v may be 

certajn cases in which the assunij)lion of curve.s tangential 
to iho main lino will solvifprobliuns witli suMicient accuracy 
and jfiorc easily than by the correct mellnxl. 

Generally, how'cvor, tlj^e calculations has^jd upon the 
curve bein^ tangential lo the switch are Tittle rnortf difficult 
than the. others, and they have^tlie advantage of being in 
keeping with practice. 


Many of the existing ti>l)lps of poin^ and crossings afe 
based on the “ tangentitkl to mi\in line ’ piethod. In order 

that the reader mnv examine sUch table.s.iand also note the 

" • * 1 
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CHAPTEH XV. 

1 ^ 

diffeiynco in the dijnensions by ^tlio two methods, the 
following table is given;— 

' TABLK XV. -J. 




Cange 

H - 

U‘‘ 

1 


i 

Crossing ! 

Switch. 

i 

^; By tangent to 

' ' main method. 

: . . _ 

1 By tangent to 

I switch method. , 

1 

Mo. 

% 

% 

rie.ail. 

w w 

Kadi us. 

« 

Lead. 

Kadius. 



• 1 

ft. 

ft. 

, ft. 

ms. 

ft. 

4 

6 

26 ii'^ : 

153 

; 27 

7 

150 

4 

9 

y» 

1» 

; 29 

1 

8 

145 

8 ‘ 

12 

54 •’ 0^ 

606 

O'J 

0 

594 

K • 

15 

‘ * I? 

• M 

t 

57 

9 

580 

12 

18 

81 1 
t 

!l357 

» 

83 

2 

J335 

12 

21 

f 

11 

1) 

h5 

7 

1311 

• 

I 

1 


• 




rndiT Iho S_yst(M)j of Factors iirc incliuU'd in 'fabk-s 
4(i and 47, factors which form a ready means of shf)wing 
the discrepancies between tii(‘ two nierhods of calculation. 
'I’able 40 also slnnvs that the tangent f'9 main” method 
is only correct when the switch length in feet, is times 
the crossing number. 

«> 

With ri^gard to the second contention mentioned abf)ve, 
the cases of branch line junctions arti few in number, com¬ 
pared w'ith the points and crossings for other purposes. 
Even then, w’ith the 'fs^ngent U) Switch method a'cxirve 
''may he follow’cd which is parallel to the curve pegged out,' 
and onlj ..aC’a slight distance, Usually about ‘i-iins, from it. 

Type (3). —Having rt switch curved to a fixed radius 
and with the load curve tangential to the swdtch at its heel. 
<> k c 

Ve^.y few of f<i/e main British railway.s adopt this kind 

of'switch, and then only for short(V switches.^ 

im 









TlfE TURNOUT. 


The calculations ma}^be resolved iilbo 

thus;— 


same as tsuosc 


L 


for a straight^witch, 



Referring to iFig. XV.-l, wRero C is the length of 
curved switch, V i^s Versed sine, H its heel divergence, 
and S the length of equivah'nt straighl switch. 


By llui principle of siniilar triangles (Euelid — 

S ^ C S 
H 4V 


4v s- rjc-irs • 

4VSfII«S-HC 

S(4V-r«T=^fI<^' 

Rul^XY.-l. 

• 

It will be noticed that the approxiniiitions made will 
not affect the accuracy of the n^sulis in all pra'ctieal cases, 
and that the equivalent straight switch u il|,be ii tangent to 
any turnout curve which is tangential to the curved switch. 

Example*. — at length "of straight switqji must be 
taken in using the Gem'ral Rules or Table 31, when the 
switch is a curvjfd one Jhft, long wiy:h ^in. Versed* sine and 
4jin. divergence• 


Wjth all dimensions in inches; hy Rule XV.-l; — 

X 192 _ 864 ^ n28 

(4 X ^) + Ci • 13 


S == 


= 133" =11' 1" 


Therefore in Table 31, aft average bctw’een fhg ifigures 
given for 10ft. and 12ft. switches may he taken. 

Remarks upon the advantage? of curved switches will 
be found in the chapter upon the Switch. ^ 

Type (4) .—A strai^it switch with 0 transition evirve 
tangential thereto, and fhrminatiiig cithel before, at. dir 
beyond the crossing, w'kere it jepins n circuhU* curve. 
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A’lOligh there lulvantages, in this type for fast 
running juncrtioiirf, there seems no oceasion for its general 
adoption., Its introduction may in sonu* cascs^lecrt^ase the 
ratlins of the circular curve' follouing it. Again, lliere are 
sutlif'ii'nt (HHiculti^'s in - obtaining acenracy wath plain 
circular curves through* yajints and crossings, witliout 
introtlucing t'urtJn^-r complications unless tlu' advantage 

gained is iiu}'ortunt. ' , , 

*■ 

riiAtTicTVL Di’/rAU.s oy TnixonTS. 

Fig. W.-‘2 shoM's,a usual Knglish lu^'lliod of tiiuhi'ring; 
crossing tiiuhers about 14in«;. by Tins, bi'ing used throughout. 

On soitu' of the Scotch and Jrisli railways, sb'ejjers arc 

for the A\liolc or pari <4 the t\iriutul. 

rile rail joints should be “ grou]>cd ” so fliat four joints 
Ue in f)iie■‘.inib('r sp;a.‘e.* 'flK're is a. I'cti'-r opportuni!\ of 
doing tins with a iiiininAiin of rail culling ulu-n the wing 
i-iilS. are l)•■nt ainl ent on ilii' site ^Iian when lhc\ are 
(!■ livered n .idv iiiKdo. , 

'I’Ik' joints ari' natwrafly squared” at tlie cnissing 
heels. 

Model tiirnouls nia\ Ik' di'''ii;ni-(l with most (.'onqiany’s 
lojiterials,* the lead lengths being an.-itiged to avoid cutting 
of r:iils, espi'ci?>^ly in'llii- main liiu' Fig. XV.--2 shows an 
»‘xanjple of a lufiiont in L. it Y. Rh . materials, which may 
lie inserted ih' a main line laid with -loft. raiU without 
cultiug. It ’'s assumed tlial the jiosition of the jioints may 
be altered sliglitly to make tln'in fall at a niullipie of iU't. 
fdus dins., from an existing joint, and yet not give closure 
rails which wtuld be too short. * A si-ries of jirticlos by C. }J 
Lobban. cotmnencing October, Ib'iU, in “The liailwav 
Fnginoer,”,, deal with Ihi^ subject. 


• AST" 2 • L«ft Hand Turnadt. 



Z4'ao*iif« ^jifrZrsibckBl->}t. 42* Zl' ZT'cIosup# 

U- — ar-0' —*i 

The ” hand ” of a turnout is decided by standing at the 
tfte of the switches^iand facing ttio crossing. If the turnout 
ro^ diverges to tfcc'ieft as in an o»dinary trailing crossover 
r<4ud, it is namedja “ Left-hapd Turnout"”. • 

2 (^ 



TnE TURNOUT. 


CALCUJ.ATIOXS r()R‘'TH]j| TURNOUT. 

• Tbe fcD^jowing examples will sIkjw 1:io\v tlio Ocnoral 
C.Ti.Af. Ruloa (Approx.), (-.xplaiuod in Ch.'qdor Kill and 
oolloeted in 'J'ablo 27, may br ui>plii.(l in solving tin- various 
problems. | • 

d’h<' examples apply to a Oaiigo (0) of 4' 8|"---4-7i)8', 
jyid to a 8\\"tcli Heel I^ivei’gencc (*11) flf —i' or -37.”)', 

and tliendore to a W'ulth (Wj of 4'*4", whicVi = 4_V or 4’333'. 

# 

TURNOU'I’S'fHOM straight AlAiXS.* 

• • 

Prob. 1. Given Number (N^ of the Crossing Angle.: to 
And the remaining dimensions. 

Ex.vmi’LE.—(' rossiifg Number (N). I in 8. 

1st..—(''■lio.^'^e the Switch lengib (S). 

S N 15 (See R.ule XI.-2 ancrTlablo 29..) 
-8x^5 
- IT . 


Assuu^ing that la' is lln- nearest stock length, we will 
decide upon;— 

S=-to'. 


2nd.- 


M = S--II .(Rukv^XI-l.) 
= 15-rf 


3rd.—To find the Lead (L). 

L = 2 X W X ^ ^ 

I)I T N 


= 2 X 4^ X 


40 X 8 

40 + 8 




4 X 


4^ 


^Rule lo.) 


13 

y 

520 

=• f- - 

.9. 

= 57.7Hft, = 57a 9iins. 

■ T=r:-r#-r ====== 
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ClIAPTEU XV. 


^ote .—The increase in Lead if‘measured along the 
oute' rail of the^turnout curve will be:— 

18’-tN (Buie XIII.-15S.) 

= 18’-^.8 
1= 2i*. 


4th.—To find the,Radius (R). 
• ^ L X N X M 


(Rule 6e.) 


.M - N 

1 10 
^ 57-78 X 8 X #0 

3a 

4 

= 578 *. 

t t 

The Radius pbiaiiU'd by the more accurate Rules Nos. 
2a and ‘2b will be • 

5th.—To find tl^i Versed irine (V). • 

• • (Kule9c.) 

* ^ (57' 9" -i- a) * 

‘ 4 .. 

^ r 2 ^" - 4 ' 4 " 


2' !0r 


- e*" (ifiiy) 


Pmb. 2. Given the Radius (R) of the Turnout: to find the 
remaining dimensions. 

Example.— ^Radius 10 chains —p60'. 

1st.—Choose the Switch length (S). 

S=v/R'x-581 ** (See Rule XI.-O and Table 29.) 

= 25-f)9^x-581 
* = 1 ^ 92 ' 
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So wc inny dt’cido iipoft:- 
S-15'. 


THE TURNOUT, 

7 


2nd.— 


M--4U as Problem 1, 


I 


3r(l.—To lind ilio Crossing Xuiiibor 1[X). 




40 X 


•R - hW , 

X W X 1 

660 - 2-if 


660 + (2 x f-333' x 'leoO) 

^40X ■ 

. V 660 T- 13806-67 

/ 667-8J 

V f-irriO-l 


= 40 X 


•83 

•67 


40 X V -oio^a. 
■■--•40 X 


8-612 


4th.—'L’o find the Lead (Id- 

Now that N is known, apj)i^ Rule Ic as ifl the 3rd step 
of Problem 1. 

Ij will be 0t)-8l' or 60' lo’'. 

* • • • 

Prob. 3. Given Uie Lead (L) : to find tfie remaining 

dimensions. 

A* 

Example.— Lea?l (L) -40'. 

1st.—Choose the Switch length (S). 

S=. L -r4-08 (Sec Rule XI.-4 and 'I’ablc 20.) 
= 40-4-4-08 
0-80' 


In this case a 10' switch wcftild not be unsuitable, but 
a longt'i- switch than this is to be preferred, c-o we will decide* 
upon;— • 5S*=12'. 




2nd.—]M»=12’4--§;=32. 


, (Rule Xr -1.) 

> 
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CUAPTEU XV. 


3^1.— To find iliefCi^’oss’ing Number (N). 

N= L X M 

(2 X W X M) - L 


(Rule 5c.) 


’ = I _ - 

(2 xY-'333'x 3'2)' 
1280 ‘ 


- 40 


277-33-40 

I 

1280 

237^33 

N- 5-30 saySi 


4t.h.—'I'o (hid th.' YiAiWxK (R). 

' No\v'fh:it N is; Icnown, Kuli' Cx' iis in tlir -llli >tep 

of ^rfl)loiii 1. 

^ Tl iil !)(■ 

f 

TI;RN()1'TS FIIOM (.rRVKl) MAIN'S^ 

’ • . . 

ill !h'(.i)!i'iii'-, liie jiriiu-iplc nf I'h|iii\ali'jit Iiiidiim 

I’.xpl.nniir in \ill luiii lii- .ii.-plirrl. .^s n-gniils 

Tiinunits <if (.'t'plra-tlrMiir, n-fiTinc ''luniM Iji' made 1o 

the riMPiii’h''^ upon ihc ('ni’iid SuiU-h in ('liardcr XI. 


Prob. 4. Given t^e Number (N) of the Crossing, and the 
Radius (R,u) fit a Curved Main; Turnout of similar 
flexure] to And the remaining dimeiisions, including 
Radius' (Rt) of Turnout. ' 

Example.—'N. 1 in 8. R^i 2.‘)i)2'. ^ . 

The lf!t to 4Ui stejis i\i!l ln' a'^ in Prutilein 1, the 1th 
st"|' will give thr Ivjiiivalent ll«./liiis (R(.), namfly ?)78', 
then :— * 

5th.— ^ jtj. = l|m. X Be (RuleXllI.~5.) ‘ 

I litn r Ke 

- 2302 J< 678 

28*02' +“578 
_ 1330550 t 
2§80 

- r- 7 Ch a, 
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TilE TURNOtT. 

fifch.—fjquivjilcnl Ve^ped sind (’Ve^l cao be found'as in 
Problem 1. 

Vo == 8|" 

7th,—Tor Versf'd sine on Maiji (Vj,i)i:— 

V,n - L“ 8 Rrn (from Rule IX.—1.) 

-= -f- (8.x 2302^ 

- 3346-84 -H 1841G- 

• "" ’ili' M' • 

8th.—For Vofsod sin*- on Turnout (Vf), 

Vi = Vo + V„i (Rule Xlll.—11.) 

- si^" -f- 2-r. 

= un" 

Prob. 5. As Prob. 4^ but with Turnout of Contra Flexure. 

Kx.\Mi>j-K - X, I !u 8. llj„^23(rJ? 

'Hk- ))i-6ei-(Iui’c until II iviik'iji Uiulh's (Eo) of .‘i'iS’ 

is found will he .is in Problem I, tlion : — 


uth, " Rin X Rc 

Hm'*- Re 
^ 2;{(I2 X o78 
“ 2302 - 078 
_ 13.30556 
nil’ 

772^ 

, m m . 

0th.—.\s in Ih-olilern 4 : — 

Ve --- 


4Rule XIII.- 2.) 


7th.—As in Probloni 4: — 



8th.—For Versed sine on 'rufnoul (Vi). 

Yi - Vc --Vni (Rule XIII.—lOj 



CJfAl'TKR XV, 

Prob."6. Given ihinlnlnm allowable Radius of Turnout 
(Rt) and 'maximum allowable Number of Croeslng 
(H): to find the sharpest Main Line Curve Into which 
a Turnout of similar fiexure may be laid. 

Examplk,—R(, 7 cAuiiris^462'. N, 1 iu 14. 

1st,—Choose swittHi length, sjiy : — 

S -■= 5^1' ' ■. 

' (h 

. M = 21 >< t = 5G 


2nd. 


, (4*x M*x N**) + N* 
Eo W X- 


(Rule 2b.) 


41 X (- 1 ^ 56=^ X + 56*"+ 

^ ^ 2 X (56‘" -14“) . 

, ^ (4 >^3136 X 196) + 313 6 + 196 
^ . 2 X (3136"-^ 196) 


^ • 2458624,+ 3136 + 196 

2 X 2^10 

= A X 246.1^^5 ' 

5880 

=i:\x 418-7 


• = 1814* = 27 ohs. 32 ft. 

This would be^the Radius of the turnout from a straight 
main. 

3rd.—To,find Radius of M^iin wlu-n Ift is 462'. 

Ria = ^ (Rule Xin.-6.) . 

« R« Rt , * 

= IB14 XJ62 

1814 tu462 

“ or 9 chs., 26 ft. ‘ 

Prob. 7. Given a Turnout of Cpntra Flexure, and with the 
maximum Number of Crossing : to find the Radii of 
Main and Turnout lyhen they are equal. This gives 
the easiest poeslhle curves In both directions. 

iixAMPLB.—N = 1 in 14. SwitcJt 21'.* 

tf 

» 1st.—^Find Be •as in Problem 6, < 

Re = 18t4' 




THE TUBNDUT. 


Km + Kt I 
But Rih = Bt — say B, so, 

■ 

that is. E.= 2 Re 

B = 2 X 1814' 

= 3028' =• 64 chains, 64 feet, 

—f— 

Prob. 8. Given the Radii of Main (R,n) and of Turnout 
(Ri). Similar Flexure. 

Example.— cli.nns — 1540', Et= 7 t’havis = 462'. 

• * 

Ist.—Find Equivalent Riidius (Be). 

Bin X Bi 
Bill ■■■ Bt 


Be- 


23 X -L 


:Rule XIII. -4.) 
(in jjliains) 


23^-7 

163:^ 

- 

lOiV 

“ 10 olniins = 660' 

To fiml N and I... proceed ns in rrobl<,'in 2, working with 
the above Badius (10 chains). 

'Po find the.Versed sine#proceed as in Fr( 4 ))]eni 4. 


Piob. 9. Given the Radii of Main (Rni)f and,of Turnout 
(R ). Gontra Flexure. 

Example.—E„, --30 chains. Bi- la chains. 

•» 

Re= (Buie XITI.—1.) 

Kni+ Bt 

30 X Ig 

“30 + IS 

^ 10 ^chains. t 

N and L may then be found as in ]ft?oblem 2, and V as 
in Problem * ’ * * . 
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Prob.^da. Regulifed (he l«ad and when the Main 

and Tumcut ai% both of me minimum aliowahle 
Ri^ius. This will give the least Lead and CiOBSlng 
Number which should be used. 

This of course.rof-ors |to a turnoui of contra-fiexim'. 
Example. —Ti,o= Bt cliains. Switch 12', i.p., M = 32. 

a t 

t 

146= ~ 34* chains “ 231' 

* 7 + 7 -; - 

Working as ifi Problem 2 :— *’ 

N =J;06 

L = 37' 11" 

Prob. lOt Given the Lead (L) and the Radius (Rm) of the 
^ Main. ^ 

Example—L ead .L =40'. Rni=§78'. 

The Ist to 4th ships will be us in Problem 3, the 4th 
step will give the Equivalent Itjidius (B,) = 259', /;hen: — 

If the Turnout is bf Similar l^xure ; — 

« 

« 

Rt* = 1? ■ (Rule Xm.-5.) 

xvin + Be 

• ^ 878 _x ^59 

1137 

. = 200 ft. 

7.. ; 1 

If the Turnout is of Contra-flexure:—* 

Rt = - ^ (Bjle Xlll.—2.) 

Bui Bo 

= 878 X J59 

878 - 259 

= 367 ft . 

CAl/tJLATIoS'S FOR TURxMOUTS OF SPECIAL 

'i;ypes. 

In the following problems, the special rules Nos. XV.-2 
t(r 7, for turnouts of Tvfies lb tiiid Jc, have been obtained 
on an offset princjjle. 'I'hose ruleji are not exact but arc 
near, enough for the purpose'. 
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_ THE TURNO UT. 

• 

The Genorul Rules,4e and ' 6 e, .whicli arc indepchdent 
of W, find also Rules 9c and lOe, apply lo Turnout Types 
l‘b and Ic, as well as to the ordinary typi', 

^ Turnout Type lb. (I’ig. XV — 8.1 

In this type the Lead (Ti) isllongei*than is normal for 
the Crossing Nunib('r (X). As previously mentioned, it i'^ 
host to contifiiK' the str<‘pglit liin* of the switch a certaiii 
distat'ce (C) beyond tluj heeb the refriaining f)ortion (Lj^) of 
th(‘ Lead being curved. * • 



Prob. 11. Turnout fype lb. Given the .Crossing Number 
(N), and the full*Lead ^L): to* find the Length of 
Curve (L^), the Radius (R), and the Vers sine (Y). 

Example.—C rossing (XU^^^oad (L),^4', Switch 15' (iSI = 
49). 


Note. —The Xovniul Lead and Rarlius he o7' h" 

and (from Table 81). • 

= (Rifle XY.—2.) 


_2x8xU4ix40]-64l 

- 40^8' 

_16x(173^-64) 

3‘2 

JGxlOOJ 
82 ■ 

c=i7lL, 

= 04-54^-9£ 

- M-N ' 

54d37 X 8 X 40 

~ r32 T 

= 547' 
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CHAPTER XV. 


4 

4' 4»-((H'-;-40) 
4 

r _i' j"_r 

■ “v 4 

•2' 8r' 

4 


(Buie 10c.) 


Prob. 12. Turnout Type^lb, with a given Crossing Number 
(N): to find to what length the Lead may be 
lengthened without decreasing the Radius below a 
certain limit. 

I’his'Tncaiii^, givi'ii^X and K, to tind L. 

J^XAMi’i.E.—X-8. ;M = 4(). lladins limit 433'. 


■ (Bule4e.) 

• N X M 

. _ 433 ^*32 

‘ " 8 ~ 

= 43*' 

t ^ ^ jt 

E = W + I"}, - (Rule Xy.—3.) 

2R N 

- . oo a- 43-3= 43-33 

-^■"^ + 2xT 33~ b'“ 

-- 4-3g^ + 2-16 -•6-42, 

= 

L = In + (E X M) .(Rule XY,—4.) 
== 43-33 + 1-07 X 40 
= 86-13^ ' 

Turnout Tyjic lo. (Fig. XV.—4.) 


rtc. xy*^. , 


-L,---8Q 

* A 


ItwM* 



__. __ THE TURNOUT. 

t 

In this type the Lead (L) is shorter, tlian is normal for 
the Crossing Number (N), being used. The straiglit length 
C will be in front of the crossing- the curved portion (L ^) 
of the Lead extending from the straight ^o the switch heel. 

• • 

Pfob. 13. Turnout Typd Ic. Glv«n the Lead (L), and 
Crossing (N): to find R, and the Vers, sine (Y) 
on L^. 

Example.— Lead •(L) 52', Crossing (N) 8, Switch 15' (M 
= 40). 


1st.— 



2xM{L-(NxW)} 
.M-N ’ 


Rule XY.—5. . 


2nd— 


3rd.— 


_• 2 X 40 X {52 — (8 X 4.^); 


• 40-8 

80x^52-34.^) 

_80X 17;\ 

~ “ 3‘2 

= 4av 

d — L^xN xM 

"“■"M-N” 

43-33 X 8 X 40 
- 32 . 

= 433' 


• • 


(Rule 6o.) 




% 

' Aff 


_ (52'- r8)-4' 4^ 

4 ■ 

6'r/-4' 4"* 

4 

• • 

=2' 2"-r4 . 


(Rule 9c.) 


=«L' 
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Prob. 14, Tumoiit Type Ic. GivcTn the Crossing Number 
(N), the length of straight (C), o>r, alteniativelyi 
the gap (D) between Main and Turnout, where 
straight Joins curv^: to find Cead (L) and Radius 
(R). V * 

let.— If C is gfven,' 
d‘=.G -r N 
or if D is given, 


(Rule Ic.) 



C - D x‘n ^ 

2ud.— 

= G - H - D 

3nl.— 

L, = 2 X W. X 1 

a 

4 th.-*— 

L =■- L, + 0 

oth.— 

__ 1^1 X N X M 

. . M - N, 


(Rule 6e.) 

Pi;ob, 15. Turnout 7ype Ic. vgjven the Radias and the 
Distance (D): lo find N an? L. 

LLxami/i.e.—R iftlius1", l\l-,40. 

« 

1st.—\\\. -- G - II - D - l’ - 4^ - 1' 1" -3^ 




(Rule 3c.) 


- 40 '' 

-- 40 X 

=-- 40 X 


'n/is 

v/t 


433 - 1-0 


433 -f (2 X 3i X IGOO) 


431-4 

433 4- XUVOO 


V43J.-4 


10833 







TUB TURNOUT. 


3rd.—Li 


= B X (M ■- N) 
N x'm 


4th.— 

otli.— 


4 

^ ^3 X 
0 ~x'”4'0 

. 1 JO 

= 43Hli. * . 

. 0-l)xN 

---1' l"x8 . 

+C 

-43' 4" + 8' 8" 


(Rule 4e.) 


Prob. 16. Turnout T™ lo, with a Crossing Numbar 
(N): to find to what length the Lead may be 
shortened without *decrea«ing tHe ^Radius below a 
certain limit. • 


This iii?;ins, f^ivt'n N^vji*vl*R, lo iirifl L. * 

FAA\fPT,K.—N--8, M- 10, 11.vdiiis limit 433'. ('riu.* Nomi.il 

Lfsd Slid Hiidiii;^ woidd hi’ .IT' 0" t*iid oHyT, IVnm Tuhli' 
31). • 


, Rx{M 

’ Kin 


(RuIg*4o.) 



433 X 32 
■ 8x40 

/(O I 


= 15i 

D=-W- 

2R M 


2 x 433 


(Rule XV.—6.) 

43-33 

■■ 40 " 


= 4-33-2 17-.1-08 . 

-108=---r r 

> - ■ — t 

3rd.— • L--Lj+(DxN) (Rule XV.-7.) 

= 48-33+ (1.08x8) 

= 43-83+ 8-64 
= 5407'.* 

a * a 

It will be, noticed .ifiiit the Radius decreases more 
I'i pidly by '.hfu’lenitig th^ nnrmal’l-iead than by lengthening it. 
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CHAPTER XVI. 


THi: DOUBI.K LINK JUNCTJON. 

• . • 

A new <l^)nl)lc* lii\e jnnc'tinn*. fir tlie irn])i’()veineiit 

an old uiie, is a, work ot siu^i importance as to warrant, 
in alnfost every case, a carefully • prepared large scale 
drawing. , • 

III the df'sign, th^ following pginis must liave 
attention ; — 

1. The lines hearing the faster Iradic should have the 

easier curves. • 

• • 

2. The curves through the points and crossings should 

I be 1 ‘ased as far as y>ossil)te even at the expf'use 

of rather sharper curves in The plain line heyfiiid. 
This is*hecaus<' nuper-erevatioii, with its steadung 
effect, also clu'cking if necessary, can be better 
obtained 0 |\ tlu' latt^'L 

I ^ 

3. lioth tracks through the diamond crossing sliould 

be nearly straight fis is practicable. 

The Radii •v)! Iht' curvf's will be limited by the fioard 
of Trade Ruje that the diainoiids must not l)(‘ flatter than 
1 in 8; unless In Special perniission.* switch diamonds an' 
used, in which .case the fliittcst desirable angle of Vet.' 
crossing may become tht* limit. 

By widening the spaces •between tnjeks, .dividing the 
divergence of the roads, etc., easier curves may bo obtaioed 
without flattening the diamond. This is explained in the 
Report of the Railway Congress of 190o; ^liilst high spe»*d 
junctions with transition curves arc illustrated in J. \V. 
Spiller’s paper in the Inst.C.E.Rroc., Vol. 170. * 


PRACTICAL details OF JUNCTIONS. 

• ^ 

Tlie* diugraiAs of the timbering of the IVirnout, the 
Crossover Road, and the Diamond, will jointly show the 
usual timbering of a Junetion. (Also see “Inner Rond of 
^Junction.” below.) A good example by E. Treacher may 
bo seen in the Pc** Way Inst! Joifi'’nal of August, 1910. 

^--—fc...— --1-—--- 

Special pennissioD may become unoecessary virder the tutare 
regulations of the Ministry of Trjpisport. 


2i4 



THE DOUBLE LISE JUNCTION. 


CAl.CULAfriOKS XFio. XVJL.-l). » 

The case of a simple junction witli all tracks parallel, 
is the only one which lends itself convenientlj’ fo calcula¬ 
tion. The principles in this oixsc will naturally apply 
whenever* a track iTossea, with contifluous curve, one or 
more tracks parallel to the one it sjn-ings from. 


■IC.. XVT- \? 






!♦- 5 "*i * ~‘ — — •— _ — — , 

• 

Prob. 1. Given the Radius of a branch Hne from a double 
straight main line* to And the aligres of the crossings 
and their distances«or “leads/' 

Examj^jE.— lladiiis jjf.hrlinch ouj?cntro lino of six fo*ot 
= 12 chains = 702' Spaces (Sp) between tracks, (i', clear or 
6' 5-^* gauge lines. ^ . 

A 8uital)le length of Swifeh must first di^cided upon, 
thus:— , • 

S = v^R X •081 (Rule XI .-3.) 

=28-14'X-581 

= i6-3ry 


16' 0" or 18' 0" would be suitable, but we will assume that 
15' 0" is the only standard availably, so • 

• S=j£' 

Alternative methods of procedure. 

Various correct mt'thoda of procedure from this point 
are; — * 

1. In accordance with "E. W. Atkinson’s "Jonotion 
Diagram ” “(Railway Engineer) in which an imaginary line 
parallel to the main is used. To this line the turnout curve 
is tangential at a point near to the switch toe. 

From this tangent* poifit, “ theon^ical leads ” are 
obtained by the rule for ohords, when the’Versed sines are 
known. » * 
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?. By tlic same. iirsst principle, but using Trigono¬ 
metrical I’nbles (n-solving tlio right-angled triangles, whose 
sitles are,tlvB Ihidiiis (11 ), the tlieoretieal Lead (L), and II Y ; 
Y being the distance from the parallel line to the rail on 
which the crosainj; Hl s. | • 

This method has-been used in pre])aiing Table >{.-1. 


3. By the fit-neral Trigonometrical BiileA (Table 25) (jf 
the present work. • * ‘ • 

3jf. By the General C.L.M. Iluh's (Tables 20 and 27 1 
of the same, which, ^hough not ilu* leiist laborious method, 
may bo employed witlu^it tlie use of tables, and which 
will now be explained in detail. *' 


iKt.—With 702' 


Radius (111 eenti'e •iiiu* of siv foot:— 


Radius of outer rail (R,)-' 702'-i-.J ^p-F (I 

■-702'+a' 2^ + 4' 8.J" 
^R0(/ say. 

Radius of nevt rail j R 0) 705-3' 

2nd.—With 15’ switch ar^d'dj" heel divergf^;nee, 

_ (Rule XI. 1.) 

And M^-=:i0fX). 


3rd.—The widths from switch heel line lo rails on 
which the crossings lie. are: — 

Wi = g*-h: 

= 4' 4" 

i ■ ■ 

W.^ = Sp-lI 
=6' 

= 6' 1"-04)83' 

♦ " ■ 

W,:=W^+Sp 

r+& 5V' 

*= 10' 9^ ” =10 79' 

W*=^^Ci; 

.=-.10' 9V-1-4' 8^" 

=^5' 6'' = ;5 5' 

ill© 




__ TUK UOl'BLE LINE JUNCTION, 

4th.—For number ol 1st crossing ^ 

N, - M X (Rtile3c.) 

- 40 X a/ ~~ 

800 + (2 X i-333 X 1000) 

40 X V^-— 

800 •+ 13807 

^ 40 X. 

14007 
40'x V -ooVyo 
-- to >? -2332 
tl -328 

r)tli.- I'or l.i'.-ul (].,) of 1st rru-siii^: — 

(Hulelc.) 

• i\J H- • 

2 x 4 flx 0-328 

-r 4 ! - - - 

JO . l)-;528 
r:TI()- 2t 
40 ;J28 

^ 05-.0o say, Or^ 04" * 

^ . *'1- ---»“ • 

(i(li.—Fur Xiaiibcr of 2u(l erossiti;,' (^a). tlie Kiuliuh to 

bo tnki ji will 1)0 H-(i ■- 700-13', lluis :— , 

Na = H X v/ii’l'G+'(2 x'-^V^ 

= 4.Av _ 795^3-3;04 1 

V '■;^5-3+(2 X 6-b83 x ib6o)4-3-bi» 

=40 X 

, V 795-3 + 19465-6+3-04 

/■rb2^6 

20264 

=40 X v^’-oioi 
=40 X -1977 
= 7>908 

* This 4 W M ueg}|Boted in Table 27 bat should be included as W becomes 
greater. • 
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13^05 

« • 80*33' = 80' V 


(Buie lo.) 


^ f 

N,, Lg, N 4 and may be found ^as shewn for and 
using the respeotivti W’s of 10' 9^^' tfnd 15' 6 "', they will 
be‘ 

Ng = 5*998 

Lg = 112 59' = 112' 7" 

Ng =• 5*015 

L* = 13814' = 138' 2" 

'I’hc purtic'ulai'H Vnay hi* then‘put into the form of n 
table, thus:— • 


Numbers of' 


Crossing iiombera 
*i by ctouMon. i°' 


Leads from switch 


' be ordered. 



Inner Road of Junction. 

A further set of switches and a 1 in 9^ crossing \yill bo 
required for the other road of a double branch. The radius 
of'this rpadiwill be Sp + G =11'^", less than the outer road,* 
but this \Vill not appreciably alter the angle of the crossing 
or the lead. • 

^ It is suggested that the switches and crossing be 
»tuated with regefd to those hi th^ outer road, as shown 
inUfig. 1. This is to aid in interlcfcing the timbers, and at 
the same time to keep a throfigh dhatmel for ttq point rods. 
2f8- 







THE DOUBLE L1>'E JUNCTION. 


Main Line Coired. . . , 

Tn this case the Equivaltint Radius from a straight 
niiun must bo obtained, as ('xplained in Chapter XWI. This 
Equivalent Radius must be. \iscd |as the " R,” in calcula¬ 
tions exi'ic^ly similar to those given abovtk 'I’he loads, how¬ 
ever, should be measured along a •tangent to the main lino 
at the switch Jheol. ‘ * • 

• * • • 

Prob. 2. Given the length ovepall of a double line Juyctlon : 
to find all the 'required paxtioulars which will give 
regular curves of main ani^ braftoh lines throughout. 

In rc'l.iying, ihul at the sanu* time improving, a junc¬ 
tion. it ma> he ilei*iialae not to alter tho pcsitiuns of tin' 
switch and llu* last crossing. In such a case, thi’ length 
overall will he the given dinieiisiuii., , 

I 

ExxMlMiK.— hength I’rrau swilcli lu'el to last crossing 
(L^ i KMV. Switch IH*. (S[») betwe('n track.s (V * 

1st.—Obtain the hkjiifvab'nt dbidiiis* (i;i nf the juiictif<n 
as existing:— • 

wTlh 18' swite!i».s:-'M- 18' 

— •. 

Witli ()' space:—\Vj - 1 . 4 ' O', ^ in prLwious 
example. -• 

' 2 X (wVi M-■ Lj 
48y (l.V)-’+lOC'^) ^ 

"■2x (Y5-5 ^x 48-100)’ 
_‘Wx(24()-*25-f-‘27r)o0) 

“ ■•2x(744-lQ(>) 

_48 X 27706 
~ 2x578 
= 1154 '*’ 


• 2nd.—Find the ideal switch length: - 
• S should be y^R x -581 
= 33*97 X-581 
= 10*72' 


• • 0 

Assuming 21' switches are the next Icrngth beyond 18'^ 
which are avaUable, we may tr;y the use of the former and 
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bnso^our calculations jipos 21' sw|tclios, and a reduced 
of 163', then :—I , 


3rd.I 
4th.- 


-M = S-rH=21xf-^ 

56^1.>52 7i63^) 
j X 56 - 163) 


It: 


(Approx.' Buie 6d.) 


__56 X 20^)0 
“ '2 X 705 
=-1065' 


'i’he crossing angles vnd leads may then be obtained as 
in the previous example, using a Badiui- of 1065', but, as 
this rtidius is not quite exact, we may fj^d that becouK's 
slightly different to 163'. 'riiis difference will, howevi-r, bi‘ 
of no account. 

It Mill be noticed that lengthening the switches, but 
ift)t till* load, reduces the radius coiii iderably in the above 
exampit'. . ^ 

• * 

Wo may test the switch lefigtli for this new lladius. 

•' V S = x/l(K>:)x.-.)8l (Ltiile X1.-3.) 


C 


= 32-63 X -581 
- 18-66' 


As either 18'<or 21' switchi s are fairly long, it is fdmost 
a matter of oi)inion whether it would be betti-r to retain the 
18' switelies, oi" increase I hem to 21' in such a '-ase as tliis. 


Prob. 3. l^equlred the easiest possible Equivalent Radius 
to, which a Jupotion may be laid in a double line, 
with a given Spsibe (Sp) between tmdks; the diamond 
crossing not to exceed a certain angle, say, 1 in 8. 

Example. —Space (Sp) — O'' 5^" (gauge lines). ^ 

1 st.—The diamond**18 N, w'lnch = 8. 

• , ’'W3=»G-H-t-Sp=--4' SJ" 

= 10' 9i'' = 10-792' 

2nd.—Assume a switch length of 18', then: — 

K M = 18x§=^ (Rule XI.-l.) 

and ]VP = a804. 

22Q 
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. _ TIIK DOVHLi: I.INli JUNCTION. 


3rd.- E^Wx (KuleSji) 

-i/i-Too (4x23(Hx04) f-2JK)4 + 04 
■/. «x-- 

mrno 580824 i-'Im + m) 

= 10-792 

V 10-792 X 

=:-l()-702'x l.-{218 

= 1421? ’ 

- 

-21 chains. 4()fl. 

- ■ ».■.--—— 

To test, tlie siiit:il)ilit\ of thi- s'.\itc*h length; — 

S-. ^.-'1.420 x-aBl (Rule 
.‘17-7(> X -r.si 

Thus the 18' switch iflav he considered too short, niid 
th(‘ Hading should be cidculated afn-sif for a 2L' switeli. * 

1st.—M = 2l X 5 
and M2-31;i0 

o 1 -D (4 xr{i;}lix()4)4-8f.‘iOH-G4 „ , „ , 

2nd. R —10-«.)2x ’-/v (Rule Lb.) 


- -- 2x(GlfW-04)« 

800010 
. = 10^‘^2x 014*1 

a= 14l6' 

= 2? chains, 80ft. 

The 21' switch may 1!)(? considered near enough to the 
ideal tength, because : — 


jx ^81 = 21-80' 


Table 34 shows the Radii, obtainable with various 
spaces between tracks, and a 1 in 8 diamond. 
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CHAPTKR XVII. 


/chA-Pteb Xtii. 


THE DOVBLE TUENOUT. 

A double turnout is dn arrangement of two turnouta in 
which the switche<3 of ttie first turnout are followed by those 
of the second furnout before a crossing occurs. 

DSLSmiL 













_ _ _ THE DOUBLE TURNOUT' 

Other names for the double turnout ar& “ Tandem /urn 
outs," and " Pannier leads." * * 

Double turnouts have their disadvantages, sucti as tho 
use of ad(][|tional crossings, bCt vtfhen space is restricted, 
they often form the best way of.acquiAg the necessary 
accommodation. * ^ 

The use of a succession of double turnouts for the 
gathering lines of sidings has*been advocated* but has not 
been usually adopted except where it is necessary to^crowd 
as much siding accojnmodation as possible on to an area 
of land. 





chapter XVII. 

\ 

'i^’hei'e are three general types of double turnout:—<• 

type 1 (Figs. 1 and 2).—In whioti the turnout tracks 
branch tt opposite sides (jf the niain. In this case, the third 
crossing, /.c., where one iuruout crosses the other, is in the 
four f(Hit of the mrin. ^ * 

'l ypo 2 (Figs. 4. 5; and 0).—lu which the turnout tracks 
branch to the same sidi' of the main. In -this case, the 
third criwsiiig is outside of the four f(»jl of the main. 

3.—In vvln’ch the second turnout springs from the 
lirsl. In this case the third crossing is ' n the main. 

PKACllCAI. DE'l AlLh^ 

'L’he usual arraitgemeiits of eliceking are shown hy the 
diiigr.-ims. 

After having hnind by ealeulation or otherwise, tin' 
position' of the third er(js>ini?, the possihilitx of getting the 
cl. 'ck and wing rails in, nmst he examined. 

Keferring to Fig. 1, where tlie crossings arc marked 
N^, Njj and N,,. If Nj is too near to N^, there will not be 
loom for ihe right-hand wing rail of X,, nor will there he 
s|mee for the chairs o^ Nj. 

Fhe T-ritical dimensitnis will generally he those marked 
w + H in Figs“ 1 and 1. V (gauge lines) may bo talcen as 
an absolute niiiuinum for these dimensions; 1' being a 
hotter dimension to work to. 

.\guin, if X^ and X^ are, too nioir togethi-r, their cluck 
rails cannot he [uit in. 

There is an arrangement which will '’aso checking and 
limbering di-Ticultios; this is to have Xj^ md Ng opposite, 
or very nearly so, as shown in Fig. 2. Fig. 3 shows how the 
wing rail 'of ont. crossing acts as a check rail for the other 
in this case. 'J'he ideal lengths of check in front of crossing 
TK.se arc not obtained, these lengths being etched black. 
Six h arrangements, however, h&ve answered well in prac¬ 
tice, in siding wia-k. 

It will be notici'd that ihe nose of the crossing (T 
datter rngic. is shown further from the switches^ It obtains 
better cheeking in this way. 

Similar remarks apply co the case of Type 2, Figs. 4, 5, 
and 6. 

In Fig. 4, tliu. length C must be sufficient to insert the 
ri^ht-hahd check "of X*. The wing of must be extended 
toTcjheok Nj. 


THE DOUBLE TURNOUT. 

---__j__ 


In Fig. 5, the* length C must,allow of being choked. 
The extended wing of NJ chocks Ngl ^ ^ I 

In Pig. 6, Nj and N, are opposite, and as jTg is the 
flatter an^Je, the checking should|i>o similar to Fig. 3, but 
reversed. 


It is usef\il to liuow how far/u cj^eck or wing rail 
Ciyi be taken into a eomerging spyce bet\Y'en two rails. 
Heh'rring to Fig. 7; by pointing the cheeky rail, its end may 
extend to where the sqjace between gauge lines is jf+b + c. 
a and b .sliould not* be niiicli less than thi* usual end gap 
of a wing or cljec^v rail, such as JTt d. In a contiin'd space 
i and b may be made o-i"; noting that wheel flanges are 
nsiiidiy observi'd to*slrikt* check rails wlien' the gap is *21". 

Theu taking -y', a-sb-!-c=-7". as a mininmni. 

• • 

In cases where one crossing is lollowed ohJsely by* 
another, the leg of tln^ first crossing, made longer than us»al 
if necessary, may be beiU to form the^wyig of the second, 
'rhis makes a strong arrangeiAjiit, but the difliculty of 
ri'inoval intense of rep:iirs*inakes it preferable to liavi* the 
crossings far enough ajiyrt to allow oi^be b-g and wing nlil 
bt'ing M'parate. 


(’ALtMUj.\TIOXS. 

Prob. 1 8). Distance between Points (P). 

Having decided upon the position* and length of the 
lirst switch,*nndj?llie radius fli) of the curve leiuling from it, 
the distance P must be such as will give clearance (Y) 
bi'twei'n the gyuge lines for the l^e of th(* second switch. 
With the usual V p‘‘ of fittings. Y should noi he less than 
10^", though this may be reduced to \Y in specail case% 

^ m 

.IVb'r ring to Fig. 8, Y may be looked upon us bt'ing 
equal to H + w, and P to S + 1, w'here w and 1 are similar 
to the dimensions \V and L,in the General Bulcw for points 
and crossings. * 

When the Radius and Y, and therefore w, are Imown: 
1 = v/(w X 2^ + ]f . (Buie 4d.) . 


H 
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iWbon the Radius and P, and therefore 1, are known:— 

' (RulelW.) . 

The usual procedure in practice would be tp choose a 
distance P such u» would suit the timbering, etc., and then 
try by the latter of th^ a*bove rules‘whether Y is sufficient; 
if not, P must l)e«incriVsed, * 

Table 35,* which shows the clearance Y for various 
Radii wnd distudees P, has been prepared by the use of 
Rule lid. • 

V 

Position of Third Grassing. 

'I’he symbols used are explained by the diagrams. 

It must be undci^itood that the switch lengths are 
'known In all cases, that the main is straigjit, ami that if 
oiw of the dimensions R, N, or Ti of <i turnout with regard 
to the main, is kpo’jvn, the otherj, may be obtained by the 
rules for single turnouts. 

\ 

^ Though the follq^'ing solutions by calculnti(5ii arc given 
for certain problems,*tla* only method of practical use in 
most caeffs, is that of drawing to scale. This has been used 
in preparing ^^ble 34i. • 

Prob. 2 (Fig. 1).. Doable Tuniout Type 1. Given: Par- 
ticuIaiB of First Turnout; distance between Points 
(P), and the width w + H between crossing N, and 
the main. 

w f H may be taken as the minimum width coasidere<] 

necessary JEor wing rail and chairs of N,. 

• • * 

I’he pf^blem may be solved by the General Rules 
(Table 27). 

Ex.4mplb.—R j =660', and S^j =lo, M = 40,*w + H 

= 1'41/, w=a'O'. L^=27',. ^ 

l8t»-fc-?ind w^ 

Wi + H + ^* + H = G 



THE DOlTBIiE TtjfelJfUT. 


2 nd.— 


(Wac.) 

— 40 * 

" ^ ^ v/ 660 +^(2 X 2-96 X 1600) 

”^°’VraS ■ 


^40 X 

• V10132 


-lOx 


25-69 




100-65 
•=i0x-255 
10-20 


3rd.- 


2x Mxn, 

2x4 14x1020 
• 40 + 1(>2U ^ 

L 4 = , 48 ll' 


(Rule Ic.^ 


4 th.—Find L. 


Lij + S^ + F ■ 

•■• 1j3=^4 + Sj^ —Sj-||P • 

La - 48-1P +15'-15'-27' 


L3=:211V 


5th.- 


„ L, XM -» /T5 1 c \ 

“ 3 =-o“;\/,";:::r-— (^^le 5c.) 


(2 X M X w) - Lj 
21-11x40 

■(2x40xi)-21-n 


n2“l±2i 

• , 

6th.—Angle is the sum of angles 1 in n 3 _ and 1 in Ug, 

N, =‘U^ , (Rule Xll.-ai.) 

10g0xL4-34 
** 2454 

N.=5-96 
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. *. M*-n« 

„ ,, 402 xUW 

-2x1 X 4031 ] 4.342 


= 2x 


H)00 X 20.3-04 
1^)0-205-64 


329024 
^ ^ 1394-30 

B^471.;V 


(Buie 2c.) 


8kh. N,-Mx^R j + (2xWxM*) (Rule 3 c.) 

=40 X / ^ ^-3 

V 471-5+(2 x4i x lOOO) 


9th.-. 


21-71 

40xi^y.^ 


N^ = 7-26 




T O ’VH'' ^ ^ 2 

L„-2x\\ x--— 

= 2x4? x^~™ 
40 + 7-26 

_ 2516-8 
• " 47-26 
L, = 532.5' 


(Rule Ic.) 


The Double Turnout of Type 2, with the sfime parti¬ 
culars {^iveij, as above, may be solved in a similar maimer. 
The method of drawing to scale is more satisfactory, how- 
evi'r, on account of the dithculty In finding suitable positions 
for Ng and Ng, so that they may bo chocked. 


Partfoidanr of both Turnouts ^ven. 

It is possible to give formuhe to solve these problems, 
but these formulie are so complex as to be of little practical 
. use. 

' I , , 

'J'he eases w;l.ere 2nd and 3rd crossings are opposite 
ntiay, however, be oonveuicntly solved in part liy calculation. 
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Prob. 3 (Fig. 2). Double Tumgmt Type 1; seconded 
third crossings <^ppwlte. Particular ^ Beoood 'Pim- 
out given (because it is of the leseer radius); also^ 
distance (P) between points^ven. * 

It is easily seen tbat:— ^ 

U= L 2 + Sa+P - Si^. 
orifSt^Sa*.— ‘ . 

W= L 2 +. P 

Particulars of tht first turnout ma 
as in a single turnout when the‘ L^nd is known. From the 
(lutii thus obtained, Jjg and Nj an* best obtained l)y drawing 
to scale. * 

Prob. 4 (Fig. Double Tumoub Type 2; second and ’ 
thlM crossings oppoelte. Particulars of first Turnout * 
given. • • 

In ordi'r that the crossings and Kj*ma\ he opposite, 
they must bo situated wlieiy the first turnout has diverged 
from the mein to the (‘xtent of the gau^e. ^ 

The distance is* Hierofore req*uired. This nvaj' be 
calculated as in obtaining the Ij in the. gemu’al ^robleijji^ 
where \\\ is practim\lly 2 G —H, or ^ith usual *^itan- 
durds W* =^ 0 ' {)l\ ^ 

First find this being the imaginifry anj^le the turn¬ 
out makes with a lino parallel to the main. 

N.= M X.t/pule 30.) 

and, L 4 = 2 x • 'Me Ic.) 

After deciding upon jij.stances P and S^, we may 
measur Ls And L 3 which are equal, or if Sj^= S,, then :— 

• Jja= Ij3~ ~ P 

• • 

Ng and Bg may be calculated as in* a singlfr turnout 
when the Lead is given. ^ 

Angle Ng* difference between and Nj, i.e .:— 

(««.Ie XII.-25.) . 
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CHAPTEB XVIII. 


;rHBv THREE THROW. 

'I'hc Thr^o Throw is an .arrangement of two turno'ats 
with Ijheir switches lying alongside each other. 

I 

The device has several evident objeciioiis, and its use 
should not be permitted hi main lines. In sidings to be laid 
upon a. restricted area., it may oceasionafly happen that the 
use of three throws is the only way of obtaining the required 
standing room. Its use should be avoided wherever possible, 
and when an old set ol three* tlirows is in heed of relaying, 
ail eud'eavtjur should be made to supplant it by a double 
tiwnout. , 

'i’here are two‘general typesfof three throw: — 

TxrK 1.—With turnouts bi'.inching to diff<‘rcnt sides of 
' the* main (Ei". 2). ^ 

w Tiv’k 2.—W'ith turnouts branching to the same sidt* of 
« th('V*ain (Fig. 3). 

• . 

Type 2 is especially objci tionable becau'^e the outer 

switch has twice hs usual deili'cting angle. 


PRAF/ITCAL DE'rAlFS. 


Switches for Three Throws. 




Oni* hiethod of arrt.nging the switches >» shown in Fig. 
1. The heel ioiuta of two switches lie side by side, or in 
some designs a. timber space apart. The toes of the sivitehcs 
arc a timber space apart. A* long and short switch are 
coupled, and work togeljher. This method, where t^e two 
longer switches arc nearer the centre of the four foot, is the 
one goa^rally us»d. * 


When the switches q^e set for either of the outer roads, 
the gauge is normal, but it is wide at the toe of the shorter 
. ^^switchos ivKen set for the mi(Jdle road. 

• There are otiilbr methods of arrtmging the switches, but 
in no case can correct gaug^ be maintained 4or all roads. 
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SWITCHES EGR THREE THROWS, 
fDETAIL DIMENSIONS. 


Refer to ¥igs. XVffl.—1 apd 
Pi^jB. III.—16, 16 andyl7. 


Flangeway clearance at heel 
joint.f.F 

Divergence at heel joint...H 
Length of Stock Rails.a 

Toe of stock rail to toe of 
switch .?_cl 

J!oe to toe of switches.e 

Heel to heel of svvit^hes... f 

( 

Distances apart of chairs 

‘ (centre to centre*;,:— 

Slide cliairs .n, 

< *■ 


Switch lengths. 


Last Slide and Heel chair., p 

Heel chau and Turnout ‘ 
chair.q i 

Turnout >ihairs. q 2 

Divergences (H) of chairs:— ■ ** 

Heel chair .H 


TiirnSut chair No. 1 ... H 

>1 II II I Hi 

2 H 

It II 11 ^ • k • X4. 

.i. 2...IR • 

• « 


Put list of Three Throw Sipitoh Chajjra Bee Cha|)ter III. 





















THK THHKE THkIw. 


CALt'ULATrONS. 

Ciilculation is only feasible in solving the^simplec^ 
problems, drawing to large* senk* being as a rule, more satis¬ 
factory. * 

Type 1.—^n this ly|)e Ixjth turnr^its nay be considered 

* as springing from tlu* longi*r switch. , 

• 

The length of the k^ngcr switch in feet? should bi» about 

twice the angle numfci r of the flatter (grossing on the main. 

• 

The rules for f-ach separate turnout with n'gard it) the 
main, will be the sawie as for a single turnout. The s]a*eia! 
calculation will be to find the lead and angle for the middle 
or “ crotch ” cnTssing (Nj). • • 

Where tin* turnoi^s an* equal in lead and radius, ai^l 
the main is straight, it will be obvious that >,3 will lie in 
the centre of the four foifl, and»tbal ihe'crossings on the 
main will be opposite (see I'^ig. ‘i). 

• • • . 

'I’lie (Jeneral Rules Table 27 iiTay be aiiplied in this 

case. • • 

W, will be \ (l-]4 

I 

Or with the usual standards, \V„ -2' 4-! "-4i' 

• 

= 1 ' Ilf' 



Angle n, which is half of the auglu X.,, nia\ then be 
obtained from Ilu^je 8 c and tlmLead I-, from fi^le Ic, using 
the angle n. i\[ will be the angle of the longer switch. 


Table 87 c^aiiains examples of ^'hree Throv\^*in which 
the main line crossings are opjiosito. Approximate rules 
applying to this particular i<i,sc are: — 


N 8 = Nj X -726 . 

L.t = L| X, •G2 

• • 

Type 2.—In this type, the turnout wdiich diverges 
further from the main may be considered as springing from 
the longer switch. ^ ^ 

This switch, how'eYer, will have a d^^^rgence of twioe 
the normal, 0# 2 H; tljerefore ^he longest switches in use 
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CtnifrTEH X VIII._ 

shoi^'l be employed. ' The turnoift may be solved by the 
rules for single ^turnouts, but M will have half its usual 
value. *’ 

\ 

'J'hc turnout hearer |;he main springs from the shorter 
switch, which hus^ the \iormal divergence, II. ^ 

It is possible, biit not tfdvisablo, to solve the third 
crossing' by the rules given for the dojible turnout, including 
the case where it is <lesired to have t\to crossings lying on 
the same timber, .as in Fig. 3. • 


AlternatiYe Galoulatlon. 

€ 

§ 4 

'rhe calculations for the tliird crtjssing in either 1’ype 
lor 2. may also be made on the assui(iption that one turnouii 
springs from the ptjjer. Thus in ^Type I wi' should liavt* to 
solve a single turnout of ^ontr^^-dexure; the switch length 
La.*ing that of the longer switch; the divergence 2H; M one- 
hidf its u.sual value; ilnd W being G —211. 


' In I'ype'^ the turnout will be of. similar (lexure, the 
switch length bVing that of the longer switch and the diver¬ 
gence, 11. ’In tkis type, the Jibovc .nssiiniplion is not 
‘sufficiently accurate to give the Lead, but it w’ill sutijee for 
tinding the crossing,angle. 
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CHAPTER XIX.—^THE CROSSOVER 




CHAPTEB XIX.' I 


, THE CBOSSOVElf ROAD.’ 


In adflifcion to thf oi^inary crossover toad, the* following 
notes will naturally appl\ to all /easetj^ of connections 
sinijilarly made between .two parallel or nearly parallel 
tracks; such as Crossover Jumitions and Loop*Connections. 

Suitable Radii for arossovers and various similar (Connec¬ 
tions are mcaitioned iti Cluipter IX. , 


A Crossover lyjud consists of ^jVvo turnouts joined wil-h 
a connecting portion of track. The dimensions for the 
turnouts are dealt ^^itli in Chapter XV. 

In the [iresejit discussion, turnouts of similar and contra 
flexure with tlie main, will be shortly refi'rred tf) as the 
“similar” and “contra turnouts” respectively. 

PIufTICAL DETAILS. 





One method of chocking and timbering u crossover 
road is shown at the upper fail in Eig. 1, whilst “ Through 
Checking ” or checking by “ Parallel Wing Rails ” is shown 
aif the lower rail. 


The latter method is t?> be prefi*rre.(i, but tUc* chairs 
marked X2 and C 1 will be of special patterns to suit either 
right or left hand crossings; unless the usual chairs an; for 
wing rails parallel to the crossing. 

In Chapter XII, it fs adWated thatj^he arrangements^ 
for timbiTmg in si crossov#r should bt* stuiW'd when deciding 
upon a standatd lengtli for croising legs. 
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ClJbiPTBB XTX. 


-V:* 


f 


CALCULATIONS. 


Prob. \ (FI^. 2). CrossoireF between straight and parallel 
mains fft a givei\ distance (Sp) apart, (gauge lines), 
and with « stiai^t oonneetlng portlan between oross- 
Ings. Turnouts alike. Length of switches and one 
turnout £lme.iklon glxen, namely, .either Crossing 
Angle* Radius^ or Lead. Required the distance apart 
(D) of crossing fine * points and length overall of 
' orossover. 


£LCJBg.ig 



-L — — 


• . 

Ist*—The turnouts may be solvf'd by the General Rules 
•('THjjle's or-27). 

2nd.—A rule for D may be derived as follows; — 

Referring to*Fig. 2, produce the straight portion of the 
crossover as shQwn by the dotted line, then; — 



• J)-C-E 

an*;!' 

C-SpxUot B 

and 

« 

F. = (ix(''osec B 


I)=(SpxCot B) 


Rule XIX.—1. 

i t 

ro convert this rule to so that trigonometry 

need not be used, subs^tute the values of Cot and Cosec B 
as given in Chapter XTl., and vve obtain:— 

••d={spx(n-^^)‘}-{gx(n+L)' 

••• ® ='’pf - i --.1 

D = n'(Sp - G) - 


% 


« Role XIX.—2. 



TTIE CROSSOVSK lAAp. 


Sp -f“ G / 

The — cannoif bo neglecifed unless only yrough 

results are required. 


To put the rule into words:—^ 

m 

To find Distance npart of efrossinge (D). From the 
Space dcducl* the (laugo and mi<ltipl» by Number of 
Classing, lh(?n deduct the*sum of Sfyice and .Gauge divided 
by four times No. of crossing. ^ 

Mxami’i.b.— Keqpirc'd the length overall and the dis¬ 
tance ai)art of cros.sings in a cros%)ver* with 1 in 8 crossings 
and 1.)' switches. • straight mains, 8' 5^" apart (gauge lines). 

1 st.—When N'=8: — 


. <)" (Eulc Ic or Table 31.) 

2nci,-])=8>: (8-1;;'- 471') - ) 

^ .(% Rule XIX. 

(Taking 8' .1.1" as and 4' S^-" as 4-7r). 

= 8«<3-75-i^.* 

,-30 00 - -41 

29-:)<)= 20 ' r 


- 2 .) 


•‘Ird.—Length overall :— , 

=■ 2 X (Lc'ad -t- Swiiclt) + D 
.:2x(.w»0"-tl.V U")-h20' 
= 17.V 1" 


Table 38 shows J)istanees 14 for various spaces, with 
4' 8^"•gauge. , 

li!x.4MPLK of the use of Table 8,8. 


Required D for a i^)ace of 8' .3" a-lenr)j» Chossings 
1 in 8|. 

D for 6'0" clfnr=14' 0^" 

Add for 2' 0", 2x8' 5i"--=16' 

Add f»r 3": 3x8^"= ^ 1^" 
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Prov. 2 (Fig. 3). CrossOiYer as, in Piot>. 1, but with the 
^ turnout cionres ooutlnued thiough the crossings aod 
^ ^^tly lOYersing^with no straight portion. 

Fic.m-s. ** 



THE CltOSSDVBK H#At> 


4ih 


- "=ys^ 


Sth.— 


iVF(2r - w)* 






y liSss 


i(iiWx{llB5-S-(yi)' ■“ 
'3 + {■i'x ^’21 xl0i)0)-f O-^r 


/'ms^u 
V 4uO(J^5-6 

__ i 

v44;94 
n = 0-7e4 


, • 2Mn 

' 0 - 21 X 

4()-7()4 

- 7T 31i 


(llule Ic.) 


Cth.~ T)-2(l-L) ' 

, -2(71-31'-if7-77') 

The saving ovi-j- ii straight between cr«-i,4&ingR 
case will be about 2' b*. ^ 


It may bo noticxMl that the above sriliition’is ntjl quite 
precise, but it is near enough for all practical purposes.- 

'rahlo 39 givi's the distances for erwasiugs with reverse 
curves botwcieu ^oin, of the#same radius as the crtissings 
would have on a turnout. The figures in the taolo will show’ 
a slight discrepancy with results arrived at by the above 
rule because the former have been obtained by a^eometrical 
method. 

* •. 

Ptol). ^ (Fig. 9). Crossover between straight or ourved 
• paraUel mainst with given crossings of differont angle. 

There is a possibility of lihis case arising wheniJfossings 
of the same angle are not at hand^ 

A curve will occur between the crossings, and the 
grealor the differenco in^angla, the sharper the curve. #• 

o 

We will first assume*the mains straight, and the curve 
to extend frord one crossing point to the other. 
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A rule for “ D ” niffy be fierived by using the same 
principle as in a turnout. Instead of the switch angle, we 
must take the angle of the flatter (or firAt) crossing and call 
this 1 in N,, and the other crossing 1 in N g. 

y = G x'CosBa 


or*m C,L.M. y = G 


G 

2N‘^' 

w - Sp - ‘ ^ 

•_G 
2 N| • 

N Nt + N, 


(apprISx.) 


= Sir - G + 


from Rule Ic. 




i 


X = G X Sin Bfi 
^ G 
Na 

D - 1 — St 


(api^rox.) 




Rulo 3a 

, ' . . . 

If the mains arc curved it will be evident from tlfe 

remarks iipon “ Equivalent Radius ” in Chapter that 

* the same rule for " D '' will apply with auflicient accuracy. 

Example. —^Required the distance “ D " between a 1 in 
(Nj) and a 1 in 7 (Ng) crossing with 8' 51" space between 
mains (gauge line|b * 


24a 


^ BeoaQM from Buie Xll.tlSi Coe ■<- 




THE CBOSS^VBtt fOAD. 


foAO 


D = |(8-46'- 


4-71' 


+ 


4-fr\v,/2.x9x7\l 

• By Rub XIX.-3. 


= {(8-46 - 4-71 + -05) X (7675) f - -67 
=. (3-80 X 7-875)--67/ 

= 29-<>2^»67 
-.‘20-2.V-29'’3" 


A rough riili; applying to this#case* is ; — 



Opr-(j)x Na 



Rule XIX.—4. 


where N, =tho«average of N, and 1^3; or in wor^s : From* 
the Space deduct the (hiuge and niulti[)ly by lhe«Mverttge’ 
of the cros.sing numbys. then dt'diict the (raugt' divided (i)y 
the second crossing mirnber 


In the above example:— * 

. u=|(8'3r-V-8i-jx"y’j- 

= (3' 0 "x 8 )- 8 " 

= 30',0'' -8" 


4’ 8^ 
7 ■ 


20' 4" 


The, uppriix. rule will, however, show f« greater dis¬ 
crepancy with wider aiigh's c>r with gfealer differences 
bct\’i'een the anglers. 

• • - ; 

Prob. 4 (Fig. 5). Crossover between curved parallel mains 
of Radius^*' Rm’' and at a given distance ^p) apart. 
Crossings to be of same angle. Required Distance 
.(D) apart of crossdngs, length of crossover ^overall, 
^and the Radii of the turnout curves. 
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X IX. _ _ ^ 

This arrangement id only suitaWe when the main curve 
is fairly l^at. f ‘ 

For tHie. crossings to be of the same angle it is evident 
that the track between tliem must be cur\"(*cl to practically 
the same radius as'the ni^ims. 

'Phe distance »“ D \ will be the same as on straight 
mains with thq same crossing angles and spacb. 

The two turnputs will be dtjual in lead but different in 
radius, the sharper curve being in thegsiiiular turnout. 

Generally, the prf)eed^re will be to'first decide upon a 
minimum radius for the similar turnout. , 

Example, —Main 21 chains =--E„i. chains = 

Et Space 6' 5^". Switches 15'. 

Ist.—lObtain Eqviiwilent Eadius 

— —IftJ choiAa = 593' 

• 2nd.—Obtain erd^sing for’this Eadius, frouf Tables or 
Gen-'ral Rules ' ' 

When 11.---oar and S -to' 

\ *' X=8-i_ • (Tabic 31.) 


'I'his wilHii' til*- angle of the i.wo crossings and: — 
3rd.— p-- ir»' 0" (Table 38 or Rule XIX.-2.) 


4th.—For Radius of other turnout: — 


Tj _ Rill X Re 

^^'"■'Rm-Re 


RiMe XIII.- 


- 2 . 


21 x^O-5 , . 

21 - i6-5 


oth.—'Ihe leads will be cqtfal and:'— 

7. = 6^" (Table 31.)*" 

6thi—Lengths overall:— • 

'2(L + 8) + D 
=2(62' 2'+ 15')+ 15' 0* 

=.109'4" , , 

- * 

• When the mains are sharply isuryed the different radii 
of the inner and outer rails should b» allowed for.' 

242 


« 



_ _THE CROSaQVE It ^ OAD. 

Prob. 5 (Fig. 0). Ci!C|^so¥er b«tw^ two curved paiullel 
mains of Radius “ R ” and at a ^ven distanos (Sp) 
apart. Pairticulars of Simikur Turnout given, and Iti 
curve to extend to the croj^lng (Nj.) of fhe Contra 
Turnout. Required the Partloul^ of Gontra> Turn¬ 
out and Distance (D) ap^ of proseinge. 



When tlio* eurvi- of the maips is fairly sjnirp, the* 
urrangemont uf (.fic pi'i*vi(jus i)tt)bli'ui, i.c., crossinga.of cqj*af 
angle, C{m'=!es tlie Jc^id of the contra turnont to becopie 
unnecessarily long. 

To reduce N^, and therefon* its ledd.'uc may allow tlu' 
curve of the Similar Turrui*it to oxloml to N„. 

The omlculation is then .'similar io^ihat of obtaining tlu' 
second crossing in a do«ble lint; iimctloii. 

Example. —Mains; 14 chains ~Pv,p S_ l^irnont 
chains —Rt- Space.O'5^". Switches 4.V. • 

__ _ 4p " 

(RpleXJU.— 4 .) 


lat. 


2nd.- 


_ .i.WIU AlrU 


14-7 
L* ^. 69' 3” 


Rni Rt 
14 X 7 

-14 chains-92/K 


V • 


(Table 31 or Rule 3c.) 


(Tabic 31 or Rule Ic.) 

3rd,— W, = M X /_». (Rale 3c.) 

VB,-G+(2xW,xM“)' 

and Wo = Sp-H • 

= G' .^^"-41"-6' r = 6-08' 

• N -40x , 79 24-*4-71 -34)4 ^ 

* *924-4-71+7‘i X 608 x 


=40x y 2MC 

V 20375 


-40X.212. 

=^ 8-48r say 8|. 

This is Cfossing 1^. for Ccgitra Turnout. 
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GHAiTER XIX. 


4th.—Find 1. . * 

MxN^ 
M + Na 

2 X 64)8 X 40 X 8-5 


fl = 2xWx; 


(Rule Ic.) 


48-5 


say 85' 3' 


.5th.- 


• D = l-T 


= 85-24-69-25 

= • 16' 

=± 

Oth.—As n'gards tho Contra Turnout*:—^ 
\Vh(-nX.,=8i: — 

Ke = (').'>8',say 10 chiiin.s; Tiil»l(^3J or R.ule 2c.) 


an.l 0" 


7tU.- 


^(Tublc .31 or Rule le.) 
(Rule X.III.—2.) 


klxlO • , , • 

chains; npprox. 

• % ’ 

'"•8ili,—lji‘i>^h o\»riill of crossover:*— 

= L, + D+L„-f2S 

' 169' .3"+ 16' (}■> 00' 9*+ .30' 0" 

. = 176' 0" 


Prob. 6 (Fi^. 7). Crossover ketween curbed parallel mains 
ol Radius “R." Radius of Similar Turnout ^ven, 
and the Contra JTumout to be Straight. Required 
the Particulars ci the Turnouts aild Distance (D) 
apart of crossings. , 
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THE CROSSOVED^itOAD. ■ 


As the Badius of the xAains decreases, the Contra 
Turnout may be flattened, and it eventually bccomef!l reason- 
■ able to make it Straight as in this case. ^ 

Exiy^lPLB.—Mains, 10 chain's—B,n. Similar Turnout, 
7 chains = Bt. Space=6' 54". • 

m • 

1st.—With the Contra Turnout Slr^iight, and the Main 
10 chains itidius, the I’jead and (Crossing^ will be for all 
]u-actical purposes the same as If the reverse wc're the 
case, i.e. :— • • 


• With ---1 .V 

(Table 29.) 

N,-V 

(Table 31.) 

L,--0O' 9" 

a J. 

{Tal)lo 31.) 

regards the SiniilariTuniout: 

;- 

10 X 7 

Be _ -j= = chains = 1540' 


Sj‘"‘^1 • * Biile XI.-8. 

= .2-i,80' 


or say S^-^' (See Chapter 

Consulting Table 01; when 8- 21' urift K=l.Vir: — * 


N2=13 


L^ = 01' 5" 

3rcl.--tly Ktiie ^ 

D=](6-46-4-71 + ^.^k.^)x(?||f4l=>)} 

= (1-75 + • 014) X (10-28) - -36 ^ ' 

. = ]S‘JT say 17' 9" 


4-71 

13 


Prob. 7 (Figs. 8 and 91. Crossover between two straight 
* mains which are iiyflined towards eaol>otjier at a 
given angle (E°) or 1 in Q by C.L. Meadure. 

To make a defined problem#we must have given: the 
Angle of the first crossing (Bj or 1 in NJand the Space 
(Sp) between mains at^soniev point, preferably at B,, on tls!? 
square. Wo shall then require the x\<ftgle of the sccqnd 
crossing (B^ or 1 in N^)* and the Distance apart of crossings 
(D) which will be tak£n as shc^vn on the figures. 
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XIX. 


Case 1, (Pig. 8). Whetf the mains omiYefge from B. to B«. 

I ' 

FIC. A 3 C - 8 . ^ 


^ * 


Pan^fa^ibQF-^ 


B; 




^b: 


.or I in I 


• E?orlinQ 

rij^>^ror>inN. j 


Following the angles in the figure, wc see that: — 
B 2 -B 1 +E 

• if * 

Converting this to C. L. Measure we get: — 

B^jle XIX.—5. 

(From Eul© XU.—24.) 


N,= 


.Ni+ Q 

• • 

To derive a rule for J); drop a perj^endicular A B and 
thtfin from the triangl^ ABC,* t 

/lU + O-SpxCds 
, .'lI) = Sp Cos B^-G 
and from the triangle A D E, 

D = AD y Cosec B 2 
D = (Sp Cos Bi — G) X Coaec B 2 

Rule XIX.*6. 

Which convef-ted to C. L, MetTsure bocomoB:— 

® ^ ir.) • ’ 

Example.— Anglo between ^J^ains 1 in 31^. =9. 

Sp = G' 5i". 


laf XT - ^ ^ _ 7 

Ng _ 9^.31^ 

6-46 


(Rule XTX.-5.) * 


2nd.— D=(6-46-^-^-4-71) X (7+^) (Rule XIX.-7.) 

= 1-71x7* 

•• = 12-03' 


S^6 


* See Vge 240 * 


THE CBOSSOVEB BOAI>. 



Working ob similar linos we get 

B.,--- Bt“ E 

VT N,+ Q 
■ (/ - N,* 


Rule XIX.-8. 

tFrom Rule XII.-25.) 


The sffnii' rules for 1) njiply as in ^’ast* J. • 

FiXVMPTJi.—Angli’ botwee.n mains 1 in ;iii, K,=7, sr- 
=- 6 ' Ri' 


" 3 HU-7 


(Me XTX.-8.) 


C HAP*^ Elt XX. 


f 

I CHAFTEB XX. 


h -- 

c 

THE DIMIOND ANI>TI£E OBTUSE CEOSSIXO. 


Tlio tochniffil Verms'in connection with tliis subject will 
bo used in acc<A‘dunce \\nth tlie 


b)1 lowing deliiiitions. 


Diamon^i. 

The diiiinond-shiiped portion of track formed by one 
track crossing another, and comprising two acute or vee 
crossings and a pair of obtuse or diamond crossings. 

I 

Obtuse Crossing or Diamond Crossing. 

One the pair or “.set ’’ of crossings fofmed where the 
t\v« rails-of one track cross the two rails of another track. 


^ The usual naming (d the parts of ^he ol)tuse crossing is 
shown by Eig. XX.-<!. ^ • 

Other notes applying to the* “ diamond’’ (jccuv in tin- 
cliapters on tin* DouUe LiiK' Jtmetion and thi* Sltp Hoad 

It nu^st first be repi-ated that roads through diamond 
cro?tsiags sluJbid be ,as straight as prgeticabU' iinder the 
circumstances. \ 


Dangt'r Hes in* the gap bi'twu n tin- diamond crossing 
points, and from this arises the Bo.ird of'frado Buie limiting 
the fixed diamond at an angle of I in 8. When the diamond 
is on the curve, severe wiair occurs on th;‘ diamond points 
and wing raji, and the lemh'itcy for the jvliei'ls to get to 
the wrong sale of the point is increased. 

There *|^re at least Wo mechanical Wiijj s? of remedying 
this tendency. One is the use of “ swdtch diamonds," which 
arc w’orked like a set of switches^ and in running lim's, all 
the requirements applying to lacing points are rendered 
necessary. By this dcvicifj diamonds flatter than I in* 8 are 
injiroduccdjn many cases. 

* » * . * 

Another device especially useful in diamoilds on tiu* 
curve is the “ Williams Diamond Point Protector," in which 
‘blocks arc caused to rise in the gaps and dose them. 

** Constructional details of Ihcsc^ appliances arc*, beyond 
tliU scope of this Vork. and the rtiader is referred to those 
firms or raihvays who manufacture ilv’m. * 
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THE MAltoN'D. ‘ 


The mefta\irom€‘nt the iftiglc of an obtuse crossing 
will naturally be taken by the same niothc^ of nieusufremeiit 
as used in the case of the acute crossing; in this w^rk Cenfci^fr 
Line Mcasurti bi'ing used. • 

The angle of an obtuse crossing laitf in the track, may 
be taken by marking ifvvo points * one oi\ eith(‘r side of the 
elbow, where, the gauge lines of elbow /!nd point rails are 
Clinches apart. 'Phe dislance between these* points in feet 
will give the Number of the Vrossing. • ^ 

•CALCULATIONS. 

'Phest' will a|x>ertain to the problems in connection with 
tlu* dimensions of ^le diamond-shaped liguro ff)vmed by the 
intersceting tracks. 

• 

Proh. 1 (Fig. ^X.-1). Given the* angle of the'piamgjid' 
Crossing (B op 1 in N) between two straight track^. 
Required the length of the diamond sides (E); the 
dis^ce between^ Yee and JDiemond Grossings 
measured along the main (F); the distances d and 
d^, and the distanoS qpaJi’t of Yee Crossings (J). , 



It is obvious (that tlie Vet^ are of the same tingle as the 
diamond, and inferring to T^g. XX.-l, by' elementary 
trigonometry, it will be seen that; — 

Cosec B ’ Ruls’xX.—1, 

F = G X Cot B Rulo XX.—2. 

d = GxSe<f^ B Rule XX.—3. 

dj^ = GxTan ^ B ^ Rule XX.—4. 

= N X (1 ^ • 

• J = 2 X N X G X Sec J B Rule X&.—d. 


Converting to C.L.M., sec Chiaptcr XII., we get; — 


E = Cix(N + 

-F = Gx(i;-i^) 


Rule XX.—6. ^ 

Rule XX.—7. 
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I * 

CHAI^ER XX. 


d=a + <G-f8N2)» ^ 
d^-‘a^2N 




J=2xNi^G 

% 

Example,—1 ih 8 Crossings, 4' 8^" Gauge. 


Rule XX.--8. 
Rule XX.—9. 

Rule XX.—10. 


Ut._E=4'8i'x(8+jA5) 

= 4'8i"x8sV 

=37' 8"+"11"*: 37' 9f " 

or in decimals E=4-708' x 8-03123 
= 37-81' 


Rule XX.—0. 


/ 1 \ 

2n(J.—F=4' 8 ^" X ( 8 - 4 -^) (Iluie XX.—7.) 

= 4'8^x71-! 

= 37' 8*-ir=* 37' 

8rd.—cl =4' 8^"-P-1-1' 8r^*(8x8.x8)} (Rule* XX.—8.) 
^4 til +{A SI ^512) 


4th.—di = 4' 8f-rl6 


(Ruk^ XX.—0.) 


.— J»*=2x8x4' ^ *(Rifle XX.—10.) 


5th 


. =75'4^xl4b 

■-‘■‘■•’-Ilf 

= 75' 4'-!-If" 

= 75' 5f" " 

• ===^ 

w ^ 

Distances E and P for various angles are given in Table 38. 

d d * 44 

d 11 ® jj II 11 4»J. 


V1 + 10 a n«ar approximation to 6eo. i B, and may be arrived-at 

by a sfody of Pig. XII.-4. * 0 * 
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TQ£ Dt^WoiiD. . 

; ■ ■■ .—-—•*’?>’- 

Pn>b. 2 (Fig. XX.w2)GlTeii 'thfi. angle (1 in N) of 

dtamcmd oroeslng between a strait maintand a 
onned throngh road of gl¥en Radius (R|^'(hi ou^n^if 
mil. Required the angles "(Ni and N,,) of the Vee 
ordbsings and their dlstanoes (L^aand LJ from the 
diamond measured along the straight main. 

. nc.3a :2,» . o * • \’ , . 

'■Ji '.><r ' /InN, 



-L,- 


One way of solving this problem is by tljo systcn\* 
described for Double Junctions, but as a preliminary, vvieftfis 
W must be obtained rfroni an imaginary line parallel to tfie 
main. ^ , , 

Otherwise, the problem may be-' scjJved by the Geii(?ral 
Rules (Table 27j, but in pJace of the switch angle number 
“M," we must substit^ite X. The Vf will be' equal to the 
Gauge. ^ m , 

Th<‘U if X. deiiotes Ihe crossing* of wider angl^^ian 
X, and Li its (listanco, ^ * . 


^ xr /' * 

11 - iN X y' ]f:p(a x G X N ''')+Ui • (E 


, T -.-or 

and '• . „ 

Ni + N 


Rule XX.—11. 

(From Rule 3c.) 

Ru|o XX.— 12 . 

(E'rom Rule lo.) 


* 

'I'o find the Number (Nj) of the*crossing of latter angle 
than X, the Radius to be taken will be R —G,<ind we get:— 


XT • X. . / E-G+^“G » 

. Na-Nxy^B-G- (2xGxN2)-ia 

• • 

Rule XX.—13. 

Example.—N-6 _^___ 

* Obtained by first stating*N in terms of N, anA then transposing* 
to give Wj. 
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CHAP'yR XX > 


Ist.— 


^ / 7W^5 

■"^^V 800V336-9^+M5 


=6x V-6989 
=6x -‘836 

J'a-016 


2nd.— 


Li = 2x4-708x 


6x5016 

6+6016 


(Rule XX.—12.) 


283-384 
. ' 11-016 

= 25-72' 


®f-N,=6xy80O--^|^^i|f36)-?.-OS 


. « ^ /797- 


^5 

•96 

= 6X v'l-757'l 
= 6X1-326'' 

= 7-956 




= 2 X 4-708 X 


7-956 

7-956+6 



(Rule XX.—12.) 


Prob. 3. GlYen the an^e (1 in N) of the diamond Grossing 
between two ounrod tracks of given Radii. Required 
' the*anglesi of the ITee orosslnge and their distanoes 
from the diamond Grossing. ' 

This pfoblcm majr bef solved in a similar manner to the 
above by first obtaining the Equiv. Radius and using this 
*^as the R in the Rules. The* distances L, however, to be 
exact, should by^feeasurcd along jk tangent to the main at 
the diamond crossing. ^ • 

• 2 S 2 


THE DIAMOND. 

• 

If in this problem, the length of the Diamond Sides 
ore required, solutions may be obtained by*ca]culatioi> such 
as given by W. L. Webb and other American writers, bij^ 
the only use of such intricate calculations would be as 
exercises fftr advanced mathematical students. In practice, 
the diamond sides wcyild bo measured from a drawing 
or lining out, either after cfilcuhwting «tbe distjinces as 

mentioned above or from •the originaJ data. • 

• 

It may be noted that if the curves* are of tl» same 
radius and flexure, tiie diamond sides jvill bc» equal and the 

Vec angles equal to the diamond Single. 

• 

Where there is ^iny curvi> in the roads, after the position 
of one of the diamond crossings is defined, the position of 
the opposite on*- should be fixed b^^ bisecting tl^e obtuse 
angle as described hi C-hapter V. and repeated in Figr 
XX.-*2, but the equa^base lines AB and AC should n»t 
exceed the gauge. 

This procedure is suHioientJ* accurate in all practical 
cases, striqtly, however, the t"o crossing points should li^^' 
on line H J. fig. XX.which is th^*ljisector of the angle 
G E F forrru'd by two tangents E G and E F tiiu centre 
lines of the four foot, at their intersccti 4 »n E. • 


FIG. XX-3. 








s 


ffnwckte or elbow bend 



















the ihAhond. 


DETAIL DIMENSIONS OE DIAMOND OBOSSINGS. 

(Pigs. XX.—4, 5, 6 and 7.)| • 

The pjeliminary remarks made with r^ard to the details 
of Vee crossings apply to the following :— * 


Flattest anglQ*of fixed diainond | DsuAl. T^e Board of Trade 
• crossing to be used. *..11 in 8.» 


Angles available from stock. 


Angles of switch diaijionds which I 
may be used.i 


Angles in whicli tlie point rail 
forms tbe wing rail of the 
Vee as in Pig. fi. ..if . 


Length of diamond point rail,(a).; 

A • 


Length of elbow or wing rail (b). \ 



Length of obtuse check rail(d). 


Width of nose of point rail (p). 

--- ‘ • - ■ • 

Normal Flangeway Clearance 
from point rail to elbow and 
check rails (F)?. 


Clearaifce at ends of check«mii 

(F.i. .. 



• e - (p -i Fj > N. Rulg XX,— !«., 

Distance o4 nose of point rail To width^of nose add* flange- 
from centre of elbow bend fe). w^" and multiply by Number 

of crossing. 


Distance apart of points ^ X e.) See Table 4Ek 


icontimteii.) 















CHAPTER XX. 


DETAIL DIMENfilONS OP DIAMOND CKOSSINGS.~coniin«#d. 


Gap between wiug and oheck 
rails at elbo^ (g). . 

Length of wing and check vail 
elbow bends ()).,. 

a * a 

j -(g-F) y 4 X N. Rula XX. -15. 
or in words; 

De^luct clearance "from gap 
and multiply,, by four times 
Number of crossing 

{ 

4 

Length of splay of point rail (y). 
(See Table 43). 

Length of bend at end of cheek 
rail (k). 

y-(Width.of rail-p)'xN. 

Rule XX.—16. 

or in wprds 

From width of rail deduct 
width 0 ^ nose and multiply 
by Number of crossing. 

1 


CHAIRING OF DIA.'TONDS. 
Refer also to “ Jjist of Cliairs” Chap. III. 


Usually 1 in i (a 
right angle) to 1 


in I 


Angles at which a Twin Diamond Point 
Chair ( ’s used to receive botli 

diamond points as in Fig. 6. 

A'ififilos at wnich two,Diamond Point Chairs: 

( ) hut no other special eiiairsi 

beyond Check Chairs ( ) are used,! 

_{W i n Fig ._XX. -5.... .^.... ................ | 

Angles at which two Diamond No. 2 Chairs' 

(_ ) are used asj n F^g. 4. 

Angles at'which Diamond Elbow Chah j 

(_) is used as in Fi g. 4 . ! _ 

Angles au which in yard work, no eheokj Usually 1 in J 
or wing rsiils need be used and special! C.L.M. (a right 


timbering may be intrciduced as 
sn^es^ i n Fi g^ 6. .. . . 


angle) to 1 in i 

C.L.M.{ 6 r- 23 '). 


Angles pt which the obtuse check rail! 

ina> cease t6 extend to the Vee as it! J- sually about 1 


does in Fig. 5 and usual amingements 
_intro duced as in Fig. 7. 

Position of crossing blocks 


in 2|. 


< » The Epacea in'brackets are for the reception of the diatinguiahing 
marks on the chairs, 

2f)6 




















THK M*AMOND. 

■ 

I)lA]\IOXl) niAlJtS.—ISPKEAB, Position, etc. 
(Pcfcr to riianicr MJ. uiul Pigs. ITI.*-7^ 11. aiul (>.) 

—j-^ 

Sjiivad (S)-~ Width hi‘twut‘i)^gfing(\ lim-s oE diaiiiond 

point rail and elbow*rail, at eeiitiv cif cdiak’ Mi qiu'stuai. 

* * ^ 

■ l)ist:iiico ol I'hair (coiiti’c) froid line jidint, of oblu^o 
(ecntrc* of cIOow benrl) is S unitliplied b\^XM of 
crossing, The S iiMirked mi b’ig 111^ 7 fii)[ilies to a V»t 
crossing; to apph to a Lbainond, T nnist be added lo it (see 
I'ig. \X.-4). 



OnAPTB B XXI. 


c 

^ CHAPTER XXI. 


SCISPORS (.'ROSSOVEll ROADS. * 

A Set of Scissors C’rossovor Rojtrls msy be d^ned as a 
pair of crosHOViT road.s' whicli intersect each', other. They 
are sometimes nainc-d V Double Crossovers." 


The use of ‘‘'Scissors " is nol advisable Avbere there is 
sullicierit room to put in two separaV* crossovers, bec:ius(! 

__ '_. .- .- *11 I 1 •• • . 


iiioro 
entailed. 


crossinos 


ai(' ‘needl'd and heavier inaintoiianee is 


Types of Scissors Crossovers. 

Type 1, Fi*i[. 1, page ll02 (Diatnond crossings in (Ift.j.-- 
Tliis is,useful wlu'ii the length taken by the crossovers in 
Ixdh mains, i.c., the. length overall, must he at a minimum. 

'I’he portion through the crossings should be straight. 
though when the mains an" eurMVl, this portion may have 
to he curved to save distance in ^-rbssing the six foot. 

Typo 2, l*’ig. 2, p^ge 201 (One Diamond crossing in 4ft.. 
points to outside of crossings).—'Phis may he used when 
llii-ro is'inoij length available in one main than the idher, 
and wiiero the space between mains will' not allow for chairs 
in ^I’ype 1 

Type 3, 'Vig. 3; page 207 (One Diamoml crossing m 4H .. 
points to inside of crossings).—This gives a minimum length 
taken up in one. of the mains. Only four V'ee crossings are 
needl'd with this type. 

Tables 40, 41, and 42 contain examples of Scissors Cross¬ 
overs of these three types. 


Practical Details. 

In the follow'iug notes, when a wing rail is mentioned 
as acting as a check rail, it uiust be of the type Icnow/i as a 
" parallel wing." 

Tyipe i .—Asregards chairing, the critical dimensions 
- are those marked x {Fig. 1) which should be eqifal. 

The minimum for x may be as little as 1' OJ" (gau'go 
lines), but usually 1' should be allowed. Thus a scissors 
Df this type usually needs a space betw«isn mains of 0' 11-^" 
(gauge lines) or 6'-^* clear. If the clcar4pace is under 6' 4" 
special chairs will probably bo required. 

25 $ 



_^ • _ ___ SCISSORS CROSSOVERS. 

An idea of tlie chocking is givon by I’ig. 4. 

I£ the space between mains is widehed, the checking 
length marked c will diminish, as shown in»k'ig. B#{md thi- 
space must^not be increased so that*c becomes too small for 
safety. ^ 
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CHAPTER XXI. 

. ~ ™ —— —. — . .. _ _ _ . . 

With 8i crossings iiud cl --7" and c = 2' 9', the maximum , 
f.l)aco (Sp) will bo found to be about 7' 8" (gauge lines). If ““ 
the space is further increased, it must bo increased so much 
.'b will 0 \able the wing rails to act as check rails as shown in 
Fig. 5, and in detail in Fig. 9. J'lnicient checking can be 
obtained in this 'way with a spae.e of 0' 10" (gauge lines) or 
9' 4^" clear. AVith a spfice wider tlmn 9' 10" there will bo 
no.checking diil’ufultieff. .. 



FiC. XTL-t 
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SCISSORS CROSSOVERS. 


With a fairly nturow space', such as (>' (V' between mains, 
the two acute crossings and the eltto.w rail of the diamond 
ai:o made in one piece. This is known as d ‘^triple c^os'feing ^ 
or sometimes as a “ fiddle back. ” ^ f ‘ 

Type/2. —The cntical dimensions a# regards chairing 
\\ill be y And \\\ + H (l^Jig. ‘J); the»usuul I'ur ellhi r 

being 1' 1 ,i" (giiugc lines), but 1' bV'isi ad\^j^J<'. 




The checking is .shown in T'ig. 0. It will be noWced that 
crossings Njl and N 3 have been kept O]i])osito to c.ach other, 
to ease checking ditiiculties. Fig. 0 will serve to show how 
the wings act as checks in tliis case. Jf and Ng are no^ 
opposite, Ng must be oTie or move timbtgi; spaces nearer the 
diamond crossing; or checlcing will fail. 
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CHAPTER XXI. 

Type 3, Fig. 7.—Tho climen<iion Cl'must allow for throw 

« i • 

and clearance of svyitch toe as in slip roads, 9" being a usual 

> minimum. f 

* \ 

Tho ncce.s.sarv Icngtli of check in front of crossing 
must also be allowed for. , ’* 

This typCj is limited in its application, bcc.ause unless 
we use short switcjies to throw \he diamond crossing well into 
the 4ft.,^ts angle becomes flatter than 1 in 8. 

CALCUL.VnoXS. * 

, In ail types of sci.'-sor.'< tiie rules aiui fcahles for siiisjle 
'hjtt'iOiils and i‘ros.,r)Vi‘r roads apply to tin' particiilar-s iu 
connection with the four crossings on the mains, 

Type 1, Fig.The iiimi'ii sPons additional to those of 
111'* turnouLs are:—Angle of ,()f)ti]se (‘rossing (^^s)i Angle, 
of Acute crossing in si.\ foot (Nj); U ngths I and D. 



r ’ * 

Example. —Main linos straight; (!ross roads straight 
across six foot; Angle of Turnout crossings (N^) 7-|; Switehns 
1^'. SFac^'(6^^Ue‘i hops) ()' 91" CSp). 

1st.—^When Ni=7-^:ir- 

B-483' (Tnblo 31.) 

,1 =51' 2'' (Table‘31.) 

D = .l4' 9" /Table 3^8) or RikIc XIX.-2 
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SCISSORS CROSSOVERS. 


2 nd.—^Find d. 


Because the track fs straight across the six fo^t, the 
angle of the obtuse (B° 3 ) is twice the augle of the acute 
crossings • I 

• d — G X Sec ^ B 3 

= G X Sec IJ j 


# ^ 

(Kule XX.-3.) 


= G X (1 + 


^ /'i 


1 .A 

2 N?; 


_ , _ yi, 

’ ' 2 x N if 

’ 4708* 

In the exanipjp; d--4-708-i -2 ^.-> 7 -’ 


(approx.) 

Rule^XL 1. 


: 4-708+ 


4-7f)8 


lO.vl-J 
^4-708 4--0-1.T 
=r4-7.'):V 


3rd.— 


f^) ~(i 
-y 

tml 


4fch.— 


cr 


(‘,.702-4-7,^; 

T 2 “ 

= i-ojo -" r Of 

i Sp-H 

=1 (O' on-4r 

:=3' Of"--3-0208 


Rule XXL -2. 


Rule XXL—3^ 


5th 




X M^) ^ 

= +>y /_ 1 483--+71 -l+r ■ 

• • V 478-8 f (2 ^8-0‘20'8 x'r()24)' 


=32x'^^L^ 

V66G4**9 

32 X 21-84 


81-64 

= 8-56 • 


1 • 1 • 

♦ Sec B •= ^'g tTOTOd Rule XII.-IS, See B -= 1 -(- (approx.) 
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ClIAI'TtU XXI. 
0th.— 


7th.— 


Sih.i- 


, (approx.) (from Eule X1I.-24.) 

. '^8-o0-:-2 * 

- 4-28 


, ... 2 X M X n 


(Kulf. Ic.) 


- ;m>2{),s X 


2x32 vH-.5(J 


hKlO 


!(m44»10 

-!0-80--.- 40' ().'/' 


N„- Nj~3 (approx.) 

- 7-2.') - -2 

- ;}-(;2 


, Type 2, ]-!>,' 2.-—l'’ur l>'np;tli df i1k‘ •^cii.sors ovorif!! 

!'■ i)i.> ill ii iiiiniTimm.* \ niii-l bi- -.ii ‘^ini'll ;l^ possible'. !n 
• I rdi'r fi) siTf-.piifv (Ik* iiml (ln'cloii,:. hewever ,m 

vrr.-ini'i’iiii’iit oil 'ii inloploil i-, 1'(;r ibi- i i’ 0 ',^iii'f in the six loot 
(N.,) (o lit' fijijiosii^;; f;nc (jf tlio (‘rus-Mipsi-. on ilu- main (N,). 



Example. —Main linos straight; cross roads straight 
between mains. Angie of Turnout crossings (N J, 1 in 8 ? 2 . 
Switolios ir*fr. tStpace (Sp) 6 ' oi"*(gango lines). Crossing 
in six foot (N ) to lie opposite a cro|sing on main (N^). 
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___ SelSSOIlS CUOSSOVEllS’. 

Ist.—Wheu - 8-i then:— ' ^ 

K=--r,;)8' (Tiil)le 3l.j 


L =:( >()' 0 ' ('I’.-iblr 31.) 

D-J4' QV' ('I'iihle fi8) (Tlfule MX. 2 
- ’ • • 

• 

2ad.—To ci'uiM* N'^. and N, lo lio ou*llii' s.iMK^tiinlx )' 
and yot lo kc'i'ji N., Ji^ditly iicarev to tin- (.hluse (•nK'^iIl ;4 to 
iinprovo the clieekliii^, luahe \\ j*-!-11*=-1' 7"--l-oM:’!' as ' a 
trial. • 

\V.j =- r 7" -4*' 

r 2,1"= l-2()fS' 


Sr-l.—Jlecausi.' llir traeks are sl]Mif,dit : — 

c —(W , + y) >' ^ Anjd*-' Measure j 

=-l-r)83>:8J7l (.see 'I’able 30.) 

=- UMT- i:V \l" 


4l}i.— 


f — I) — c 

=- M' 4-" 

-1' ir 


This is the distance hc-tniti n tine points of X., and N,. 
Allowing for fine 4 )oint dislancos, it will he soon that the 
blunt noses will lie upon tlie ftune timber, and^yot N, will 
be nearer to the obtuse than N,. The \Y., + H of 1' 7" will 
therefore be suiiijjtle. , • 


5tlv— 


n = M X 


= 40 X 


y 

y 


ji -cT ■■ ■, 

JR *-(4+ (2 xW^xM-) 

da'54V (2 'xT 208 xJ(X)0j 


(Rule 3c.) 


= 40x 


\/4519 


2»r^5 

= 40x 

= ir)-2()-f 
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CHAPTER XXI. 


6fch. 

I 


7th.— 

and 


8th.— 

. ' 

9th.— 

( 

10th.— 


i nth.— 


1^ = 2W3X^-^ 

^ ^ ® M + n 

^ J_x_lj208x 40 X 15-204 


\ 


p5-20-l 

_ \409.»14 
■55-201" 

= ^ 6-02 = 20 ' 71 " 


(Rule lo,) 


n^ = Ni=8-50 

N3 = iL2L£i 
n + n., 

__ ir)'2o X 8-50 
2«-70 “ 

= 5-45 * 


^(Rule XII.-24.) 


i = Tj-c-li 
=:00'7n-mi-26-02 


20-72=-20' 8?/ 


= 60;75-10-36' 

^-y(»’89' = 50' 44* 
i = 


1* 1 » 
2R M 


9 ' 

t 


_50'42 50-4 
1316 40 

= 1-930+1-260 * 
= 3-190' 


(Rule lid.) 


y^G-Wg-H • 

= 411708-3-190--37$* 

— 1-143' = 1' lij" (vvhioh will ju*st suffice.) 
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12 th.- 


. * _. SCISSORS CROSSOVlfiRS. 

na X ^K-f (2^7x IPji ^ 

= 40 X / ../ 

V r):)8+(2x3-. . 


.-40X.^G58 

' iOHGS 
_ 40 X ‘2o-05 
“ i04-2“ 


(2x3-190x Ib^)) 


13th.— N.. = n.,*~2 (approx.) 

' =-y-B4-^-2 


Type 3, Fig. 3^—ill this typo, ns previously tijI-iiI ioii!-(f, 
there are ditliculties in kyping tlie dijtfufjud crossing to a 
limit of I in 8. ll will fn' foinul th;it the swilclies must 
either be sljort or ourvi'd. sfi l]ri1 they le.nve the main with 
more divergence than is usual in maiu^ine work. Also the 
turnout curves liave to lie rutlier small in radius^^^ 

Table 42 will givf an idea of the rt^sulls IrAUO exi*fc‘Cied. 



• • . 

Example.— Turnout Eadii 9 chains = 594', Switch 12', 


H 4^"; therefore M = 32; Cl 9"; Sp45' 5i" (gauge lines). 


1 st,- 

• 

Ni=8-00 • (See Table 34.) 

2 nd.— 

L = 55' 5'' (Sec 'lable 31.) 

3rd.— 

D = 13' 7^"'(See Table 38.) 


—•• 

4th.-^ 

* Y = Glx*N, 

=a^x8 = 6't>'' 


% 
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CHAPTGn XXI. 


5^.h.— 


2 ■ 

?.")* 5" -- 12'-6' 


, =18' 


6fcl^— 


1"* , 1 ' 

'W= - + — 

2R M 

^ 18;71 

1188 32 

= ■205 +-085 
= -880=-.]0^'’ 


(Rule lid.) 


8th.-- 


a;=w + ll 

= 10i" + 4i'' = l' 3^ 

‘ I 1'= 

' V r" 

nc-Mx 

‘ VR-f (2X^WXM“) 


^ (Rule 3c.) 


#-32x 


V594 


Vo9iU2x -880X1024) 


= 15-93 


9tli.— N “ 0 (approx.) 


15 ■•33 


=--l in 7-iJr) 
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CHAPTKB XXII.—THE SLIP ROAD. 


CHAPTER 3^X11. 


- d 

TllM Sf.lP H«AI). 

• A Slip I{(*ui Ik ii ciiinii’ctin^ Iraok two dIIk-v 

li’iU'lis al a j)lfU‘c tln'y i-ai'li t'llii'r 

A l')(>ul)li- Slip coiiiK'cts two iiilorsc'ctin^ tfftclvs in 

both fliroctiotis. • • 

• 

'I'lii' Um' ')[ sli|*roail': in a facing dircflion on main liiu'“; 
^lloul(i l)i> avoidi'il lyi act'onnl of tlio dilVuailtv in providinj,' 
bir Jo(-‘lnn<i; lair'-, tdc , and also bi'i’aiisi' of tlio sharj) cni'Ac 
of tin* s)i[) rail. .Dk' Ibidii olilainabic with various angles of 
rrossint's will Ik- fuimd in 'I’ahh* •!.') * * ^ 

... • - 

Str.ii^dil inliTsi'ctinj; IvicU^ an* ln-'-l suited for 

insoi'lion <if sli])s, and natnr.div ihe Hattir iIk- cre^ssin;; 
angle, tin-ca^ii-r the ('nrY(;«ol‘tin* •tli}). • • 

If the main Iraidv is cift-vt'd, the cross irac.dt should, if 
[loSsihlc, bi^ curved to the san’e I'xtenlMand Hi'xurc. I'liis* 
in the case (>1' a series* of sli])s being retiuircfl in sevi-ral 
p.u'.diel mains, will kei p the crossing angles C'*#1ftatil' and. 
the •,lips of similar dtmensions d'lii* slips on "the in^d(' of 
the e.nr\e will naturallv be of Jess radius tiein those ov thi*-.* 
ontsidi of (he eur\i*. • • 

PHArnCAI/DKTAlJ.S. ' 

Fig XXIJ. l*sliows ivjiicyl details of donhJe slij)s in a 
diamond of I in H. ' 
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OHAPTEB XXII, 


The clearanVe (Cl)’between lines at the switch tec 
should allow for throw of switch aiicl clearance of open 
^'itch fi’ipm opf4>site rail. 9ins. is the usual minimum for C'l, 
though Bins. inaV sometimes be made to sulhce.t Oenerally 
Cl should be gnXiter in double than single slips, to allow 
room for the fc^^'o v;lidc chairs needed. 

I’he distance Y should allow /or suitablc'timber s])a(‘iug • 
and for a sutficieiit length of check rail opposite to the Vee 
crossing. • 

I’lie switch lengyi is largely a matter of i>raclicnl choice, • 
but it should approximafely suit the radius as exjilained in 
Chai)t('r XL * 

The slip rail (.4), lying between'the switches, ma\ 
generally be made of a stock length, whilst^ the rail B may 
' ]>ossibly‘bc' oiK' of the*special short rails for laying on the 
'"inside curves. 

* The dimension d between diaufond crossing and slij) 
rail (gauge lines) ^^hoiiId usuayy be less than 1' 2". This 
will allow space for the eliairsj at (' which an* liable to 
become foul of the slip rail. , 

A valuable purpose would be served by designing model 
arrangem^bij^s of diamonds with slips, to give good chairing 
and a^'ninimu-m of roil cutting. . 

' Special chans are needed in some cases for use in slip 
roads. ThcAc aremarkial * on Fig 1, brackets being left to 
reci*iv(i the distinguishing marks on such chairs. 


■ CALCULATIONS. . 

The diAicnsions c.oiicerned and the symbols used will 
be as follows: — 

li .*Thc Angle of th(‘ Diamond and Vee crossings in 
degrees. 

N. The Number of the same angles (by C’.L.^^I.). 

J. Direct distance apart of Vee crossings (tine 

% points). , f 

• % 

Y. Distance from toe of switches to Vee crossing 
(fine point). 

Cl. Clearance, between gauge lines at toe of switches. 
S. Switch length. c 

* H. Heel divergence of swilJch. ^ 

M. Number of sw’iicfti angle V C.L.M. M = S-fH 
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THE BLIP IIOAI). 


A''. Switch anglenn dogrees. * , r 

1. Length of slip rail between I]^‘t*ls of is\*itches -• 
(outer rail of curve*). • 

li. * Length of S'lip road ovt'rall. 

B. Eadius of outer rail of Min. 

(1, C'l^^ss disl.inci' of <1iiUMon<l crossing from slip 
rail (gauge lines). 

V. Versed sine,of slip rail, i.e., on*a elmrd eafnial to 1. 

Taking into account the short lert}»th of the curve and 
the fairly flat angk's wo are dealing with, cH-rtain allowable 
approximations are iiiado. 



• m 

Prob. 1. Given thfr angle or 1 •in N betwefli two 
straight tracks. Required the besrpracticable slifr* * 
road which may be laid in the di&mond. 


Ex.4mple.—8. Cl not less than 8". S. 15', i.e., 
M-40. 

1st.— J=^2 X X X a X (l+g^'a) XX.—10.) 

*=*2x8x4'8i'x(l+gy , 

= 7^5|" Problem XX.-1.) 

• 2ijd.— V = ClxN (Rule jgCII.— 

. =9"x8 • •• 

= G' 

3rd.— 1 = J - 2Y - 2S * (Rule XXII.—2.) - 

= 75'lV'-12'0''-30'0'' •“ 

• = 33'O"* • 
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C 7 TAPTEE XXII. 


If \vc> hnvo ViV rail's in’stock, Itiuay l)i* niado B8', wliich 
will mala* the slip'length overall (Ij) (VV. Y and Cl must 
^ tl^en 1)0 ^^leulfitrtj afresh on this basis : — 

1th.—’ V \ ,I -i'l-S (Rule XXII.—3.) 



.^^--87' 0" -J<V 0" 
\ h' 8'’. . 

5tli.— 

1. 

ci-=y4X 


= (y 8" 4 8 

=^''* . 

Olh.— 

E = Jl.-Sin(®- 


(Rule XXII.—4.) 


which converted to C I.-M. becomes 

lx\x]M 


ll-.'^-j^'-.';,^-(approx.) (Rule XXII.—6.) 


T n IV 33x8x40 

In the example - 

‘ 40 —16 

_ lOotlO 
-440' 

■ 7th.— 

' =38-^(8x440) 

s= 1080-f-8520, 
= ■300'=-3 f 


(from Rule IX.—1.) 


.— d=^~-HM^ -fV (approx.) (Rule XXII.—7.) 

* ■■ =(f'<fo)+-'r 


=“ + -3Q9' 

=-•788’ -t-'-SOO' * 

= 1007' = I' 1.}" 


To be more accurate"*- 7 -should be multiplied by 
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THK KLIP UOAD. 


Till’ ijsf of shorter ^‘<\ulc'lu'S* tlum uE llu- tihoi..,' 

exjiinpli' will I'ivi' a ^'ri-ulrr “ flami thns more siiyct- for 
the (.‘hairs at “ C ” 1). Sliort switehus, liow'i/er, lia\i 

the* ohjc'ctioiis null’d in CMiaploj' XK § jf * 

d’o retain lone switelu^’ we m.i\ (1) ciil, away the chair 
jaws c>r tile IkiIIohi Ihiik^e of the i^iil at ‘'('y (‘i) Pack out 
the switch lii»'i to ohtaiii more divireeiief^(It) t'se curvcil 
s\Titches, wliieli ar-' espeVially ns.-l'nl in slip«; as the;\ ei\.‘ 
more (liverei nee tor their leneih. . 


THE OUTSIDE SUM* I^DAD. 

When the switches of a sliji road lie out>>ide of the A’ee 
crossitifjs of the dkunond, it is known as an Outside Sliji 
Road. 

lieinij ratlii'i' comiilieated il is wo1 commoiilv ^ised, luit' 
provides a means of lorn due a slip when ihe diamrimT 
angle is loo wide lo aUow of an inside slip • 


PHAOTTuAL ri'/rAILS. 

PhotmXo ft t^ives an idi.'^i of the checking and chairi^u 
required. , • 

The minimum for the distances “ \V„ r ilni^aml " d 
(Pig. XXll .‘)) shonid he ahoul P ‘2". <l'he heM arranwemeiit 
is for them to bo nearly I’qual. ^ **, 

m • 

OAUt'Ul.ATlOXS. 

Tho calculations form an interesting application of thi' 
General Enh^s coftibined with those for tilip rr ads. 

• • I 

Prob. 2. Required the partioulars of an outside slip 
road of*Radius (R) ~ 400’, to connect tjjfo straight 
tracks crossing at an angle of 1 in 4 (N) ; Switches 
16' i.e. M == 40. • . 



CHAFTBB XXII. 


t 


1st,— .l.5!^2«NxGx (l+-|,j) (Rule XX.—10.) 

• =^=<4x^8rxl4 

. =3.7' 8' + ?i' 

say m' • 

t t 

2nd.—Find length of slip betwi-i'n heels of switches (1). 
For thiss.purposc llule XX1I.-6 must Jbe transposed and we 
obtain ;— , ^ 

1= <Rnle XXII.—8.) 

4(K)x(4()-8) 

~ 4 x 40 

400 X 3-2 
"■ 4x’40 

Ord.—Xj and Is may be^ ffiund by the rules for the 
ordinary turnout, and thus:—' 

(iif by Eule 3c. 

%. li - 40'(ii'by Eulo Ic. , 

*"i — T 

4th.— .K^ ,2 (''PPi’‘’>x } (Rule XXII.—9.) 

__.wr 0"~38' 0" 

^ = 2.r 0- 



_ 21"* , 21 
"2~xl^ + 40 
^‘441 ‘21 

800 ^ 40 
= •561'+ -625' 

= 1-076'= 1' 1" • 


and +H=r r+4r=ilgi'’ 
274./'^- ‘ 




(Rule lid.) 
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___ THE SLIP BOAD. 

6th.-—Find the Widtli W. for a lead/^^l. 

/ • 

= (Kuldlld.) 

= _iPL_ + iP 

2 X 400 40 

= 2-00'•fl-<X)^= 3-00' 

7th.— d = G (practicnlly)-* Wg*—H 

=• 4 ' 8 ^- 3 ' 

r 

It moy be noted tlitit if in the exani])lo R harl been taken 
as 462' (7 chains) wflh 1“)' switches, d nonld work out to 
lOf", w'hich would be too^rriMll. • 

In seating out the slip* Uie sw'iteh hi-ils should first 
located by measuring iho fllstnnce ('U either side of th(‘ 
centre of the diamond. The remaining prui'<?!liuT- easily 
follows. 
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CHAPTER XXIII 


^pAPTER XXIII. 


SIDING GROUl'S. 

The ])lijniilng of Siding (Iroups with their “ (hithoriiig 
ljiiu“<,'’ or “ IjinMer Tracks,” tinriHv conics \\ilhin the 
scope of this work, but brit'f iioles upon some of llie 
diiiiensioiiiil questions involved will not be out of place. 

'File designer may be working under one of two leading 
conditions. 


(1) V h('n the general lay-out of the sidings is deter¬ 
min'd I'y the shape of the land available, and it is required 
to gain as much siding standing room on the given area as 
fiossdde. ri'gardless of regular or ideal .‘ilignnn;nt of the 
trucks. 


,(2l When llu' siding groups may lu- designed practically 
miic pendeiitiy of the qixnitity and shane of tli(* land required 
or of local r'islacles. 

In this ease tiie designer has a free hand and ilu* objects 
iij planning the lay-ont will he: — 

ta 

1(11 hlasy and regular runiiing on all routes, using 
eur\es of a conslatil raihus wlierevcr possible, but 
increasing the radius to compensate for the effect of 
gr.tdieiU''. hi'i'e necessary (si'c Chapter'll.) 

I ^ ^ ^ 

(h) The maximum amount of standing room obtain- 
abk' with tile track materials usial. coniT»u‘tible with Iho 
I't'quiri uK'iit of eas\ lunniiig. 

'(•) Ivi'petition of turnout.^;.' slip roads, etc., "of the 
same dimensions, and of a model type in which cutting 
of rails is avoidi'd, and good chairing and timhoring 
attained. 

% 

When working under C’ondition (1). calculation is of 
little use, and it will generally be a matter of making 
--•epcated ti-ials by drawing ob lining out, until the best 
arrangement is andtfed at. * 

When Condition (2) obtains, calculation may be applied 
to>almoat.«ll the coiriponenli narts of tite scheme. 
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. ■ . SIDING g roup's. 

I’igs. XXTII.-l, 2* and 3 show y^^oua systems 6f 
arranging gatliering litu's and connections, the apyokiniate 
single which the gathering line rrytkes with theynain .'ind 
sidings l)(*ir.g obtainable from the scQlo^^drawn u^on tho 
disigrsinis. 
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CHAPTEE XXHI. 


■ If the inninVnd the sidings pj»*ullel thereto are on the 
curve, lit will usually be found that the gathering line should 
hi^ve thtr^ame (|jirvc, and the same angle between it and 
the main aa with^traighf tracks in a similar design. 

In' designing, the following method of procedure is 
recommended H.' • • 

Draw the, gatherihg line with the partifiulnr arrange¬ 
ment and type of turnouts whieh it has been dt'cided to use, 
upon tri^j[?ing papcfc. Upon smother ^heot of tracing paper 
draw the main line and the scries of pauallel sidings, spaced 
as required-j By placing <fne plan over the other, it will be 
seen how best to fit them together, and sclAmie in the special 
connections needed at the conirnencometit of the gathering 
line, including those to ihi' main, to tlv traj) siding, and io 
.the lirst (^me or two sidipgs. * 


Safety or Trap Points and Sidings. ^ 


The Board of Trade Ruh's state that “ Safety Points” 
must be provided upon gfods lifSi-s and sidings at their 
junctions with passenger lines^ • 

Tliese points art** intended to prevent vehicles passing 
from llie k^ng on to or foul of the main line without per- 
niissioi:Jof^e^signalipaii. 


1 ^' Wliere thore^is sutlicicmt space, the Safely Points haul 
into a ” SajFety t>iding ” otherwise named a “Trap,” 
''Runaway,” or "(hitch Siding’ This siding will often 
prove, useful for*other purpe^ses if made long enough to 
receive an engine. . 

In all cases, the points erf traps should bh situated as 
near as practicable to th(' outlet crossing on the main so as 
to reduce tjie pos.sibility of vehicles being left bjr inadvertence, 
either foul%)f, or improlected from ihe imfln line. At the 
same time the«irap or trap siding must be in such a position 
that it derails or leads runaway*'\aihicles clear of the* main. 


A device intended as a substitute for Safety Potnts is 
the Derailer,” consisting of a specially shaped block 
which be moved on'to or aA'ay from the rail by a lever 
.. in the signal box. The advantages claimed for ^liis device 
are that a length of siding standing room may be saved, at 
least equal to the length of the switch which would be 
•necessarj' with trap points; al^ that a vehicle entering into 
thgf-sidiug will paswiover it without flerailment or damage to 
the permanent way, even though*by mistake the dornilcr 
has been left on the rail, * 
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_ BIDING GROUPS. 

The usual arrangement for a trayj si^ng is shown on 
Fig. 1, where a turnout leads to a buffer stop. T^e'space 
between the trap siding and ih«‘ main niustfnot b^lcss thdfn 
the standnird space' between running lines/usually Oj^t. 


Instead of buffer ^^.ops, a “ JDrag" is ji/inetimeH pro- 
vidi'd, formed, by covi'ring .some k*]igth*t^of the rail or 
(owning a bank with sand* or ashes. This method has bei;n 
found to be quite as e/heient as a buffer sfpp. * 

\ sot of doubJck slips will often provide a convenient 
lay-out for the trap and othe r coifnectiona at the entrance 
of a siding group (%ep Fig. ‘2). 'rhero is an objection to this, 
however, in that llie switches on the trap road will not be 
sot at the same time to suit wheels trailing over them into 
the trap from befth directions. , , 


When there is not room for a aiding, and 'frap Pointy 
are used, these may Ift' forim.'d of either a singli' switch, a 
pair of switches, or a pair of “ Stradrlk* i' switches. Tho 
last device is shown in b ig. d : whec'ls are- assumed to 

travtd along the back rails until tho gauge becomes too widg 
and thc'y drop off. • • 


Th(^ Single Tongue Trap (Fig. 5), howe.vei^ha?; boon, 
found by ('xperiment 4;o be the most satisfactofy for gbnoral 
ailoption. f 

• • 

It may bo advisable to extend the trap switch by a rail 
curved so as to turn vehicles^ avvay from •the main, or to 
provi(fe a “deflector rail” as rccomrncudcd in the articles 
referred to in .the footnote. 


*See the Railway Gazette, Octohor 15th, 1920, for illastrated account „ 
of experiments by the G. W. Bailway. 

t See the Railw^ Gazette, October 15th, 1920, and August 26th, 1921, 
for illustrated acrannt of dxperimen^ by the G. W. Railway, with 
rpnnmmpndntinnfi. . I 
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Cff.\PTEIi XXIV. 


^HAPTER XXIV. 

SYSTEM OI-^S;ACyr()IlS OK SIMPIAKEM) RELES FDR 
PO[NTS^A\i). .caiOSSJNCi PKOllf.JvMS. 

'rho (jt'Tic'rnl Rules expliwiicd in Chnpter XLII. iuVl 
C()lJocte(]^in TablcA 2.”), 20, and 27, aiv inti-ndcd for use 
when proparinj; Eofeivnco Tal)lcs and, Li.sis of Staiulard 
Dimensions, and in *ollnv easts where exact results an; 
desired. Dnrinj^ tla' course of work in practice, howevt r, 
we shall often find tin* need of a set of rw'les which will uivt 
results rapidly and vt-t v\ith a fair dej^ree of accur.icy. Tiiis 
.chaptor w'ill explain a method of ohtainiuj,' an*.l appl,>ing such 
miK;s. . 

• d’he same svmbols will hi' used as .in tlu' (leiieral Rules 

'I'lie system ji whole will be named the Sj/.ilcni nf 
[^’'achna, because by it Faefors or ^sumbers are obtained bv 
which we ma\ multiply or divide'some given dimension in a 
turnout or other arrmyiement to find the retiuiit’d dimen¬ 
sions. 

As,an exiimple, jf it is desired that a Certain turnout 
^jniist have a I i* 8 crossing, it can be stated that under 
certain condiJ;’ons 

The Lead will ho 8 .x 7-U --j7-P2'. 

Tile Radius will he 8 stjufired x9-00-- 582'. 

« 

The Factors in this case being 7-1-1 ami 

Thesi* tractors give simple rules whie^i are invaluable 
in schemipg. jdaniiing, and comparing differoiit arrange- 
mi'Tits eitiiir in the ofiicd or on the ground. • * 

They rire*also ust'fnl wIk'U making out orders for the, 
materials, including Switch len«,nhs, C'rassing Angles, etc., 
from a. small scale general plan. • 

, ^V(■ imist first of all know the particular ytandards 

which p'actortf are to appl\ .* 'I hese arc : — 

Gauge. 

Switch Heel Divergence. 

Distances bctw’cen Trftcks.^ 

• The examples •will apply to tjie 4' 8^" gauge and 4.^" 
Heel Divergence, though as Regards tirnple Ttirnouls a Heel 
Divergence of.^" will be included in the Tables. 
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SYSTKM OP FAOTOns. 




To find Factors for the^ Single Turnout (^ble 46). 

For Factors ohoost' various valtirs for tlio ijvlalion 
Va’twi'eii S and N, siitdi as an- iilrcdv to oofuir In lu’inclico. 

j / '■j 0 

This *i'flalion was discusstsl lu the-#'liapUT upon tlio 
Switch. llu“ ideal llicre recouiniendcd bein^' S- 1;,* x^. 

I’roin the Fj’s oWaiu i*orres])ou(linf^ tjcaaticais between 
^ and X. thePc will he tlv ^ 

Then take Itules No. h* and No. 2(^, Table 27, and in 
these, instead of M, sj.ibstilute its value in terms <JrX'. thus 
olitainin^ Factors l’\ and . , 

The reinainiim Factors may be flediieed from these now- 
arrived at. 'I'he Factors K,, 1’,., F, and F^, will be named 
“ (Inidin^f J'aclors and tin' remainder " W'orldn^f I'actors.” 

d'lie Vei-'-ed sine of the licad (’iirve for a fixet] relation. 
b'-twei'M S and \ will lu- eon''lant ; ba' example, mi matte? 
what values 8 and \ mas !ia\<‘, w I'em'vei- SX'r,T ssill 
l)e ST'. 

General Directions for ut^ng Factors for Single Turnouts 

(Tiji)los 16 and 47). 

Talve the <limeimyin ciseii in The problem, ibis will 
iilber bi' X", Ti. or L; if the Switch is not' eJiooiM* 

suitable h'li^tli for 

The 'fables are svell siiiti'd fe,r this ])urp')se,' fc>r siipp<')i%’ ■* 
w " w ish the Switch lobe, lor example, I^yX. •I'Xeii 1 bon^h 
We may not know ?\ we can obtain S from tin- K or the L 
bs fi41owin^' the line in 'I'ahh'*!!) bei,'innini;* wlih l‘\1^* and 
find that ;— , ' 

•S-:-,^/K = -r)8! 

^ -T—T"Jf 

Otherwise L4-S = 4‘0b 

.•.S=*I*^40S, 


. 'I'hus by multiplying ^''K by *o8l or by dividing; L by 
4-t)H, uccordine t(j whether 11 or !j Is we sfi;^l.W(jbtain 

an ideal k^igtli td Switch. This, however, may not. he a 
stock length, so therefore we must choos(' the nearest stock 
length t(j the ideal, generally preferring one whicJi is longt'r 
to one which is considerably shorter. 

We may now i)r(jce(i(l as if the Sw^’h had been given 
in tlie first plifte. 
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CHAPTER XXIV. 

Wc will assume that a Eadius of 1)60' and a 15' Switch 
arc given. 

Piri^t obfcainji Guiding Factor F, tliiJs •— 

f;=s-hV5' 

■ =ir)-^^/660' - 
, =lo-2r)-6(r 
=--■584 ' 


Lo3iviug down the column of F^^'s we find that the , 
nearest one to this'is V>81. We may therefore use the 
Working Factors in this line of the Tabletund so: — 


N--.V/E-JV. 


-"2rv()0 
- a:)i 


and 


L..--^/Ex 1<\ 
-?!5-(J0x5:{7 
-60-S8'* 


f 


If* tllUfc C)ros>iiiig Xiinihr-r is gi\in. e.btain a 


Guiding 


Fiictoi»F, by»dividing S by \ ; if the Licad is given obtain a 
► Xiuiding Factor by dividing L by S, and then in eillu'r 
case proceed in a fiiniilar manner to the above. 


Factors may be a[)plied when tlio main line is curved 
by u.siiig the principle of '‘Equivalent Eadius frofn the 
Straight,” as explaine.d in Chapter XIII. • 

The re/ation between S and N should generally be the 
same as ^vith a straight naiin, but wo may note that with 
curves of similar flexi'av we may often five to make S 
shorter, and ivith curves of contra Hexurc, longer than the 
ideal. ,*•. 




^0 find Rotors for Yarious Widths (W). Table 48. 

1*6^ System of Factors wdth its.simplificatioii of calcula¬ 
tions may be applied to other cases than the Turnout. 

The reader should first peruse the opening remarks in 
^Chapter XIII., he will then sfee th^t the proposal is to find 
factors applying'te other "Widths j W) than the fixed Width 
(G-'H) of the Turnout. 



* ‘ SYSTEM OP. FACTORS. 

- - — »- ..._ _ -_ _I-- 

• 

We shall not need to obtain as many Kactors aa in the 
caso of the simple Turfioiit, the only pj^hloms liholy to 
occur being as enumerated in the first two columiV^ below. 




CilAPTBll XXIV.__ ' _♦_ 

will b(! ail that is required because these Factors will serve 
in the reverse caVs, thus :— i 

'then Vr = N X 

an4 i! L= v lT* ‘X 
then v^B=L 

ft 

'ro'i'nid K„ fake Buie \o .‘k-, 'I’/ibje 27. and instead of 
M and M- suhstiiute'its ^iidiu' in terms of B. 

'I'his will ^'ive a rule by which *u>av !)■' I'nund tor 
any W. ‘ i 

t. 

Fo lind F, lake Buie No. le. Ti'(l)le 2 ^. and iush-ad of 
»i\f ^substitute its valiK' in leniis of a' 11 or f(>r crinvi'iiience of 
and instead of X substitute v'U - J\V-> f’,.. 

This will j»iye a rule by which F, may be found for 
any W. * ‘ 

fl 

* It will be noticed that" v^K —^ VV is usp*"! with the 
Factors in this Tahh* and not y^li. \/K may he taken, 
.liouevf-r, ul)tainii)e (Irossinf; Anodes willi iiiunatorial error 
and a^-^o forMie lic.^ds when \\' is siwail, say under 4' 4', 
■*‘V when only riJiT^di results an' reijuired. 

R is ifie Had'ius of tin* rail upon which an ordinary 
turuoul crossinj', would lie ^];i casi's \shere the ciaj^siuii; is 
oil the other rail, ps the in a junction, the gauge, .say 
o', must 1)(‘ deduetf'd fnnn B • , 

DirectioTVB for using Factors for Various Widths (Table 48). 

() «• * • ' 

'Phe preceding remarks should be studied prior to llin 

following furftier explanation. , 

The firsl. thing to decid(^ upon is either h',, which is the 
relation of the Switch •length which will he u.sed, to the 
lladius, tr alternatively, the G\;^idmg Factor which is'the 
relati3ii* between'the Switcli length .and the Crossing Numhi-r 
for a Single Turnout. It is important that no other crossing 
must be taken notice of in obtaining this relation. 

k By comparing the F^ o» F, thus decided upon, witii 
t]inso in the colvipn headings of t%ie Tubk',' it will be seen 
which column to use. For example, if the .Radius is to bo 

m I 




SY8TKM OF FACTOKS. 


600' and the Switch* 15':- 


= 15-rv/600 
=--1.1 T-24-.") • 
--•012 


'I’lio mTiiTst F- l.f) is ■r),s1 ,• so tvo may tako Llio 

\Vorkiiig Factors in tin* ct^luinn with this at tho hi>a(l 
for finding tho (’rossiug 'NumbtTS, hoc‘afis(> it mi^os litilo 
(lifi'ort'nc(' wliioli ('niuinn mv lako ior IIk'so, and the Tablo 
oiiabh's ns to fiiul tlioiu rapidly anfl iis aocnratcly as roqnirfd 
bv nsiny: liio oolinliti boarh’d willi tho (iniding Factor jioarcsl 
to tho actnal Vai.-I'^'. 

W'ilh I’l'gand to tlio Ijoa.d, lio\\o\or, if this i^ roquiri-d. 
fairlv aocnratoly, in taking iho W'orking Factor F,. wcj lyusfr 
alltiw a proporti<iii ihu* to ilu- tiilYi'ronc' bctwi'cn tlio actnAil 
F^ or F^ anfl tb.at n('aro->l to ii in ilio 'ral)k' Allornatively, 
wo Tuay first tind X hy a*l’.iotor*( k’,,) .Tinf ihoii use Rulo Jo. 
(Talilo '27) to find L. • 

• *. • ? 

’I'hc saino romark gis to using tln^raclors whon tlu' main 

line is curved a])|)iy as in tho case of thi' Singlo.-I’urjiout. 


SYS'I’FM OF FACTORS—KX.\M Id j:S. 

Tl’licso cxamplos will illnsfiMto tin- use of Factors in 
practTcc. It may be rcpcatcfl that in every case llu' first, 
step is to dct^TMiiiic tbe Width (\\ ). an! the sectjiid step is, 
from tlie Sv\itcl)T S and either N, v'iF or L. .‘Ha fibtain one 
of tho (Iniding J-'actoiv. F^, F-, or 

lo^r thf' sake (jf eloarness in oxjilanation wo sTiaTl usually 
omit tf^ reotil'y thi' WtM'kiug k'aolors in pro'^iordon to tho 
(liffereiico beLw»?on tlio. (lunling Factors as found and Ihoso 
in tho Tables, though it will bo ol^vious that more accuracy 
is'obtained by allowing for Uiis dith^renec. , 

For ci^inparison, the results which woukl bo arrived at 
by working with the (icneral Rules are in most cases shown 
in brackets. 

•• 

Problems 1 to 9 ar# solved by the of Table 40 and 
th(? remainder.hv the use' of Tablo 48. 
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CfJAl'TEai XXIV. 


t 


SINGLE TUElsOUT, STRAIGHT MAIN. 

Problc^ml. CFosuing No. given. 

^ Ex.aS'ipie —Given Crossing (N) 7^; required the 
reni.iiningVjimenadiis; tl'ie .switch ]('ngtli in feet «to be not 
le^s Ijl; times'the Crossing No. 

1st.—sljolild not be less th:m : — 

Ass\niiing thuj; we, luive no stf)c;k swiiehi’s between 12' 
i'.nd l.V, vheii:— . 


2nd.—Find the Guiding Fiietor; 

1\ -S-:-N 

-15 4- 7-1 

‘ 2 


‘ IJrd.—]''inA the Riulius; — 


‘ . Rv-N“xli^ 

Ciinsulting tin- T.-iblo w».' fmd tlitit wlien is 2 the F^ 
is,8-b8, so:— , ‘ •' 

R-7-5-2 X 8-98 . 

- r)()-25 X 8-98 


• - 5l)5' 

(507') 

llll.— l'7jid (lli'^ljead : — 

L - N X J' , 

. - 7-5 X, 7-30 

m 

-51-75'-54' 9" 

(51' 8") 


Problem 2 . yRadius given. * 

Example.-— Rndius chains (5(11'). 

lst.-'«Cjtfif)osi; till' Sditch. • 

'I'll* ideal S—v^Rx-581 (See Chapter XI.). 
---23-68 x'-^l 
=a3-77' 


AssuraiBg'Tlo' is tho a\ailUble length nearest to this, 

S=--l^ 

2nd.— Fg^S-r ^R" 

= 15-1-23-68 e 

* *•= ;--G33. 
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SYSTEM OF.FACTORS^. 


Our nearest F, to this is -627, therefiore 

L=Vh X 

= 23-G8x240 
- 5^83' 


/K ^ F^, 

“23'r)8-^3-01 

- 7f7 

Thus a 1 in 7f crossing may be us(‘d if the curve continuc'S 
^through the crossingjo? a 1 in 8 if the crossing Icgfs to be 
straiglii. • 

Problem 3. Lead C^ven. 

ExAMPiiE.—Loud 50' 4"---oO-^IV. Switches 12'. 

1st..— • F,--L-?*S 

- 12 
4-20 


Tliis lies In-tween the I-Js of 4-3;i and l-OB iu tlu* Tabli', 
therc'foru• • 

R.-L^:-F., 

- 50-33^ -5-51 
• -4()0' 


N-T. ; I- 


1 (' 


-■-7-lU or ^.iv 1 in* 7. 


Problem 4. Required the Versed Sine. 

Example.— Crossing 1 in 8. Swik-h 15'. 
1st.—Find till' Guiding Factor. 

F, - 

- 15-^8 

■ — j. 


In the ITist column of Table 40 and opposite this Fj we 


find :■ 




If the R or the L are given we musteftnd an F, or an 

j i .1 __ 


Pg and take tho V opposite that Factor 
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OIIAV'ITJR JiXlV. 

Problem 5. Ta shew the results when the turnout curYe 
|s assumVi as tangential tb main line. 

If the iurnout c\irvo prf)iluco(l is actuiillv tangent to the 
iitiiia linf^ and tangential tortile switch at its liool, the 
ri’latiCn between Hhc’ luvnont dimensions will bo as shown 
by the FactOi>i marked ^ dn 'I’ables and 47. 

Example.— lilrossing 1 in 8. 

S : < 

' 8. x X l a.'} 

- 


Ij- H ' t'cTo 
.Vj-lUV 


IJ. 

M-! s 9-12 
(‘.(rV 


Cole gives L' 

5:5' 

11- 0(i'.)-7' 

Whitelriw gives L 

r,-V 2" 

1-1- 01)5 

Ki’ere givi's b 

.'■r ;r ' 


Slight diffei’i ’!',(*? s- 1 

*ei)lg due 

to mellmds of measuring 

crossing angles, ete. 



It is rjKvions that 

e\en il‘ i 

t switch li)-07' long were 

availiilile, it would be 

t(»(' slioi'1 

and that 15' would be a 


suitabli' li'Pgtli. bi tlii.s e 

a'-e ■ — 



-i 


L ■ 

8 :< 7-22 


= 

57-i'()' 

(57' 00 

. P. 

1 

8- X 9-05 


- 

578' 

(580') 


Problem 6. To shew the results for various heel diver¬ 
gences. 

j Ex-Vtri.E.—^Vilai {]itfoi’eiKVi’ v/ill be made in the turnout 
dimensions by increasing the heel <livergi nc^‘ ^roin to 
dj". Crossing 1 in 8. Suitch 15'. (l'\ = l^.) 

With 4^" H (see Problem 5); — 

11=578' 

I. = 57-70' 

v=8a" 
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(580') 
(57' 9") 


SYSTKM OV FACTOHS. 


With 4^^'' H:- 


R = S2xlM)a.--r)78' 

].-8x7-|ir)-5G-g2' 

\rrHr 


f(;i80') 

,(Vir,.93> 


4’ho flinVrt'iU'o in thi* Radius is^so si ^11 only to I'f 
sJuAVM l>v oarr\’i:ii; tiio I'l'^wlis to dci'inials, buijho (liiTori'iict.' 

Ab ~ 

ill iji'iid and X’oi’si’d siiu- hiioipld he allowi'd for. 


SlN’dLK TT liNdi:'!’. 

Till' notes updn tile I’rinciple of l'a]nivalent Radius in 
dliapi er X111 ^lioulfl tirsf be (■oiiMiiti'd. 


Problem 7. Gif en Radius of Main ^Rm) and N. * 

I'A- W'liai is till' easiest It (dins of liirnont, eiirv^ 
fill) v.e eati elilain fr^ni tin- iiisidf i f a H) cfia.iiis (- (U'lt)') 
ji.ain \slieii the llalles| crogsine niayjisKi is 1 in M. 

1 st S XV 

in siii'tT a case as tlii-> \\r niav usiiiei I , of 1 * so as no* 
!o cause tile ienetlls of 5'Aite|i and I’.ead to be excessive 

S---I 4 xli 

- 21 ' 


•Jiitl. J'ind I'aiiiivaieiil. Radius (R,.). 

R.. :N‘-^>-l'’, 

- itui X y-2r) 

- 1813* 


di'd.— l‘'r(.)in.Igquivaleiit Itadius Julies; 

Rt - - (Rule \ 11 r.~-o.) 

rti{V"T Ri! 

_1HI3 .<(>(10 
“()()0+1813' 

-IS l* 


Problem 8. Given Rn, and Rt. 

lixAMi’LE. —What is tlu." shortest Lead and least 
Crossing No. for a 'rurnoift (ni a railway A^k're curves mus^ 
riot ho loss thaii 400' Radhis and the shortest Switches are 
1 <V • « ■ 
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TIio shortcyit Lcarl \v,'ll occur when the niaiti nnd turn¬ 
out niv botli Einlius iuul of'contra flexure, so: — 


_400x4W 
^'■'“400 + 400 

'F., - S - 

= 1*0-:-14-14 


(Rule XI ll. 




= •707 ' . 

L- v'Re>^2'46* 
- 34-78' 


N - VKe-^3*00 
4-71 

For the Versed siru's ■ — 

\ 

I 

y for the factor (Vc) 

V for the inaln on the lead fVin)"' L" 8 Um 

(From Hide IX,— 1.) 

^ 34-78-'-f (8x400; 

, l-2u0-<>a -r32a) 

--37B-4^_’ 

With contra flex. V for the turnout (Vt) “ Ve—Vm 

(Rule Xiri.—iO.) 

= 0"-4i’' 

Prob. 9. Given L and Rm- 

Kxami’m:.—E i'qinred particulars of a 'rurnout 7/)' in 
length including switehesii, in a main of 20 chains (^1^20') 
‘■Rad’^i'S similar, flexure. 

Assume S---ld'. 

Then L=-7.V-15'=00'. 


1st.— 



SYSTEM OP Ea6tOR8. 


« 

This factor is intcrniecliate to the ,40^ an^l i]^85 in the Table 
and so the 15' switch is switablo. 

lie = L='-;-K„ 

- 360j-^5-67 * 

- 

It 13li0 f)35 .. */!> 1 VTTl r \ 

■ 1320+«35 ■■ ^ 

.N—L-;-7-17 - 8 - 37 ' 

• ~ ~ 

For the Versic] sirus:— * 

Vo for the Fiicttjr S V 

V'ni for the yiain 

--- 3800 --:- lOOfio' 

• •;jir -= U'' 

Vi for i lie tumoul ' \‘u " Vm • 

UnilIi similar iieMiroT 


(From llulo . 


, iJlule X[ir.—li.) 


- .sV-i & 

L' or' 


L'f 


'rnixoi'T W ITH strakhit fx j-’utfs r of 

('ROSSlXd ('I’yiX' Ic ) 

Prob. 10; Given R and Gap D. 

E?ami*li:.--Jj -- 0 ". jo.- 17 ^'. S .-.j:/. " 


]st.- 


2n(l.- 


W\ - O-H.--1) 


. r r/r 

F, = S--\/R 

IkSC). 


So w{‘ may use fact 'its in (a*lmiins 5" niul 8. 

oi'P'isilo th(* W (jf 3' 7 \ Init allererl slij^lilly In allow’for tln> 

diil'ereneo botwc'f u -OSO and -OOT. 

X=. V IT-F, 

=:‘:jl-8J-*2-73 

-8<K) 
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C[TAPTJ;il XXIV. 

I 

'• ■ ^21-81 X 2-184 

i i 

Ij — L, -f (I) X N'l 
1 - 1 - 8 ) 

Ppob. 1^. Given N and Gap D. 

l’,XAMi*i.i'- -N' S. D- 0", S- 17/. 

1st.—\V j - 7'' :is ill I*rol)l(‘ni 10. 

‘2iu].—Mcilxc .'I Iri.il wiili I'acli.i iii c'Dluiiin 7). 

Jlooiiiiso N* ' K ■ l’’,. 

' K' N >- F,, 

--- S • 'J-7.‘)l 
22 08 

^ ami R - 22-0:1=' ■ ■ 487/ 

Now ivy v-hicli i-oliitnii ol l.iclors really '^lioiild be taken: — 

‘ F, S-: ' R 

lb -: ‘ 22-03 
-• -081 

Sf) it will be nearei; io ialce columns 7 and 8, then ; — 

' ll 8x2-7;ib ' 

= 21-88 

R - 21-88“ - W 

Li -- ‘J’ -88x2-170 
- 47-48' 


*■ Dl'l'lHiK IdM-: Jl.'NCTIONS. 

(Fig. XVl.-l.) 

Prob. 12. Given, Radius of main (Rm) and of Turnout (RO. 

FiXAMnir.. ' -Rni 1079'(outer rail). Et, 470' (outer mil). 
Bimilar flexure. Clear si3ac6 between tracks G' 0". Width of 
rail hoiwls 2^’'f 
292 ‘ 



SYSTEM OF FACTORS. 


Ist.—ObLiiin Eciuivalent Radius (Rfe). 


.. 1079 x_470 
® 1079-470 


= H:i3 


7Ru1o - 4.) 

(Oil ouzo. ' mil oi^IS^CIis. 
oil centre lin»of juncl ion.) 


2n(i. 


S 


' {iX - OH I 

' s:i:ix -081 

10-78' 


To suit switches in stock wo will take, 

S. - IM' 

Ord.-'-l'iiui (Ur ^iiidin^f t’iictor 

F,. S : ^ U 
IH ; 1>8-H0 

- 

'I’lii^ i'- ii iifPini IjcUm'cu •.'jiSl :iiui -laiT iiiuv U'-i* I'ucltirs* 

ln-lwt'cji c'Dlniiin^ .') and <» ;nid in 

( .nid 8 

llli l'’(inn .1 mlilr willi liviulin^^f- asTielou to receive* 
(lie cliiMi'nvi(,!ivi • • 






• 


■ 

l 

2 

3 

4 


6 . 

7 

ab 


• 

• 

•, i 

' 


X 

r.wnl 

Jt 

o 

W 

I-'. . 

! 1 

• , 

f 

F- 

• ‘ 

- \ );'4i-v K, : 

o 




2 


1 

1 





- 


1 


ft. ins. 




. 

1 

NF 

•1 4 

3-005 

28-83 

9-59 , (91) 

2-103 

• 

69-27 J[09-23)l. 

* 


V 

« 

8-11 (81) 


• • 1 

Na 

6 1 

3-540 

28-72 

2-936 

84-32 (84-30) 

N. 

! 10 9 j 

1 

4-685 

28-77 

G-U .(G) 

4-081 

117-50 (117-50) 

N 4 

lo 6 

5-600 

m 

' 

' 28-72 

1 . 

5-A3 (5) 

5-000*f-l3-60 (1-13-49) ' 




1 

• 


•_ ' 
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CHAPTiSB XXIV. 


oth.—Obtain the \W:— 

. \\ '0" V,. (2 X 211)-4.^ - (V r 

\\% W (y 0" + (2 X 23")-KV or ' 

■ vV,.^W,-f4' 

I’lMiii 'r.ibJt' <.'8 lilki' (hi* factors applyinj^ to'those W’s oikI' 
])la(?(' iti ih'f) iiml (ith O' hlnln^?. IVom It dofluct (ho W’s 

and tak. s(|uaro root, placing the results in the* 4th column. 

• 

Divide the last by fine h\{’s and multiply them by the 
F 7 's placing the resulting crossing nuiiihers ami the loa(l.s into 
their cc'luiiins. In tlicj case of No marked * the Gauge as ^^cll 
as oW must be deducted from R. 


?rob. 13. Given Angle of Diamondi and Space; required 
the Radius obtainable. 

i'’iX.\.ui’i.h.- -S]iacf (clear) 8'J)"; Diamond I in 8. 

< • 
lst.-"\V for t}n'"(l?aimjnd (\.): — 


4 ' r + H'()"-^-( 2 x 2 f )-J 2 'dr. 

2ud. - ' N - ^ R- BV^--Fo 

v'R--‘4w - NxFc 


ord.— From Table 18 for a W (jf 12' '.K’ \Je iind: — 

(</) When S -- N, X li - :>• IJ 5 

(ft) xl^, ,, - .l-iyK) 

,.(•■) x2. ,, -O'OKd 

f , 

4th.^—Multiply tlu s(‘ F„’s by 8, stiuare llio n-sulls, and 
add ^ W--sa\ (V, and wl‘ ohiain radii: — 

' (a) K--.108()' 

(ft) ,,-1070' 

(c) .,-1003' 


hf the main is curved these Radh will bo the Equivalent 
Radii obtainable. . ' 
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_.___ .SYS'l'KM OF FACTOli.S 

Prob. 14. Given length of Juiiction. / 

FjXAMPLK—I or Loiul froiT\ lu-tM oF hist 

crofisiiig rJ7'8()'. Sp.'ici' (fiui^i' lines’) (>' iy Sw^ch length 
l.V • 

1st.— 15' 6" i 4 S in Proh. and, 

• L 4 

' R - fu*- Ft 

^ R - ([.*--Ft)*+^\V 

2nil.—Asmnniiif; we inn_\ from column 0:— ■ 

li*---(rj7-:}()4-‘i-'.>58)2 -i 7-7:» 

= 2,-) ()7t)"’ i 7-75 
• - ()<)7 . 


-‘h’ll.—Ohtiiin 




\ R^ 
2 .VH;! 


•581 


we nia_\ um- I'’iiet()r‘' in folimni^ ."i ami Ji. 

nrfU'fdiiri' vfill then he a-- in I’li^di n* 12 

W 

ff the F, wo ohi.lined hud not cones]»oM(le(l«tt) llie F7 we 
lii’st a'^^snnied, we should iuivo had Lo roviso llio l’’7 and woi'k 
out. td*e radius afresh. This iiwljurn woidfl ^lii^ldlv alli'r 1 '',. 

Prob. 15. Given Radius oi^ Junction Curve^and Angle 
of Diamonds; required the Space. 

FiXAAfrm:*—*Ponliins ol Main (llm), GO cdiains • ^laclius of 
Branch (Pi). ‘20 ohains. Similar flexure. Diain'ind Angle (N.,) 
1 in 8. * Hoquired tho necoSsliry Space (Sp) to give those Radii. 

1st.—Find the J'.qnivahmt liadiu^ (P*-^ of the two 

ciAvi-s. , ^ SI _ • 

Re - ---30 Chs. - * (Pule .'xlll.-—i.) 



eilAPTETl XXIV, 


3rd.—Assulning tliat Vi-r-X^ \v,ilJ ho about 1^, look down 
c<dunjn,5 in TalAi' 48 and wo find: — 


• yVhon.i,. = o-fjik") W - 1<V 0" 

1^1 V =0-477 ,, = 14'9V'‘ 




Deducting:-< -128 is*dift. for 81^, 


* 5-502 

-5-477 


■085 


‘ IMtT. for ~- 085 will 

U' y^" + 5i^ - 15' 3" - W for 5-502 

■ ■ i 

For the space, (clear):— ' 

\y„ -- 15' 3" 

. . Less ^V, - 4'*4" 

.iiul r.iil hqtids - oii" 4' i)j" ^ 

10' 5-1 " Space (clear). (10' 5" hy 
^ (jciicriil Rules). 

DOFHLK TFllXOlTS 

c ,, ‘ 

Prob. 16. To find "dfstance “P.” - (Fig. XVII. 9.) 

!:x\mi'I.k -S- 12' R - Y= 9". 

• I si. ' - Y - J r 

* - 9"-'Da"---44-". 


2u(l.- 


l’\----H-. ^'R 

- 12 ■:-21-2I v.--500. 


8'-. v.'c ina\ oike tlu' frictor 1'’. in coliium iV and opposite the 

\V of -n".' 


3rd.t-. 


4th.- 


‘l=\'RxF, 

- 21-21 X-43 = 9-12' 

' - 

P-S-; I 

^ 12' 1-9-12'-21' H". 


(21' 0") 


Prob. IV. Type 1, Fig. XYII.-l, Given the particulars 
of the two turnouts and the Width (w+H) between 
the third crossiiig (Ns) and the main. 

EXAMPLE.--Pj--12' Ni = 8 N 2--7 W=1'0" 11-4^" 

■1st.— Ri--594' Ra = 448't \ 'By'rules for Single 

' 9': / 


lLi = 55'5" La "-‘49 


turnouts. 
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SYSTEM OF FACTORS. 


2nc].-;— 

3rcl.— 


- Cl — 211-^ w ■ 0 

=*4' 8^"-i)"-r ().y 2' 11^ ’ 

Find * 

Fx-S-Ni 
--12-r8 = l^ 


»So for n, vvi> irtay take thw I’acloi-M in*<!olnrmi ,-^and opposite 

ni(*\Vof 2 'JU". 

M 

n*= 

• = 24-37 ~ 2-55 


4th. Find 


Fi - K -f- Na 

F, --12 H- 7 == k? 


So wc may use colunin^5 with \V of 1' 0''. 

na '-'2 It" • 

-5M7 i-f-.lO 


] • Pr 

o-r> /. 


6th. N 3 = V(Rule Xn .—24.) • 

. n, 1 ria * • • 

= 0-od X 13 -57 
O-SGH- 13-57 
= 5J)G , 

6th. Finc^^Ls for w = 0" 

L 3 = ^'E.j X F 7 (when Fi 

= 21-17 X -go •. 

= 19-05' = 19' 1" (say), 


7tir Find L4 for w t == 2' 11 i" 

L4 = R* X Ft /when F, = 1^ 

= 24-37 X 1-787 * * 

= 43-55'= 43' 6 ^'^ 

8 lh.—As the switches are equal 
P=.^.,-L- 
1= 24' 5f"^ 
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ClIAPTEn'XXIV. 

Prob. 18. Typk Fig. XYll.-6.r Given particulars of 
•fllfst turn^t. To find L^, i.e,, the situation of 
^ crossings NV and .N 3 so that they lie opposite each 
^)ther. ' ‘ 

EXAMPL1^^^-KJ• - S rj' , 

—X„ .'ijid N 3 will lii' :it. tln' phict' uliih'i: lln' lurncjut < 
li:is ilixi’i'i^i'd from tlu> main *io llio fxlrnt of the 

— * 

W, -2 (I - II 

■Jnd.— l'\: St V R~‘ 

12-^21-11) 

-- -.'jaH. 

« 

Wo ma\ Lhorol‘oi\* tj^kc 1’- a little less than that in column 
hoadod K, --■oSl and with (I^". 

• 3rd.— If*,- M?-Twx3-64 

= '"45'r^x3-64 
• - 21-39x3'6-Ai 
= 77-86' 


' THREE THROWS. 

I 

Prota. 19. Type 1, Fig*. XVI/I.-2. Giveli the particulars 
of burnouts, which are alike; required the 3rd 
crossing: (NJ. 

» t. *■' , • * 

Example.— i joii^or switidi - 1 ;V. N ^ and N ^ ~ 8. 

1 st.—The 3rd crossing will ftc! in centre of four foot and 
ith W will ihorefore be :— 

Wj, - 4' 8^''-^2~4i'' 

* 'r-rjHi". 

2ud.—By rules for .single turnout: — 

K^-- oSO'. 


' 3rd. 


► T,1 


F,-35-^8 . 
= 1§. 
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__ • _ SySTEM OF’FACTORS-. 

We inuy lliei-ofori' use factors which' are jf imam bclwoeft 
those headed and 2 and op])OsifcG W of'/' Uf". # , 

4th.— n--= 1^ K^F.f 

• = 24-082-OS , 

.== 11-08. • 

*'-^1.— N.i=--ii:-2 

— 5-70 or 1 iu 5-;. • 

• - * 

6tli.— L3 =--^RxF7* 

==‘J4-08xl-47() 

=-■ 85-54 or 85' 0.j ". 

CROSS!)\'1-:R roads. 

The case in which I'.u-tors iMa\ he applied is where tht- 
ciirvi- of l,h(' hrsl (union* i-xleiifls to crossin<^ t)f tlie 
second tiimoul XIN. 4)). 'I’his cast- can lie deali witli 

as iu oblaiiiiig the second crosRine; inji^louble line junction* 

The W w'ill he Sf>--H, and instead of v R 

^/R-(r•-i \V must hi- tflhen. * 

• 

SCISSORS cRoss(n'i:iis. 

(Fi*,'. XXJ. -K 2 and 8.) ' 

ConRidi'riuff tiie diaf^rains and witli the aid of th(‘ 
preceding oxanipJf's it will be seen that much ^formation 
may be obtained by the use of factors. 

It will bt'*)R'Cessar\', however,‘to have th*'\V as a 
predoti'rrniued dimension, a case which usuifUy obtains in 
practice.’ 
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CHAPTEip XXV. 


S()mTION‘()ri>E()BI.HAlS; by DBAWlNd TO 

TU‘ rni'thdd of solving ju'oblfins- in [toinls luul (.-roshings 
Ia drawing lo scale in niiiny case's jin'sents sidvaritagc's over* 
that’ of (*alciilalion. ' 

* k 

The directions for di'awing the \'orli. on jjaper apply 
largely to the Method of Lining Out on the ground if we 
allow for the fact that, instead of lines being drawn with a 
pencil, fhev an' re])resenl.i'd by strings bold in place b\ iron 
^piiis I'eseniljling .snrvevors’ “arrows”: and that in placo 
of the us(' oi curved rulers, the. strings have to be conformed 
to tia- enrves by employing tby_ method of “quartering” 
(s('e ('bapti'r VI.). 


Instruments, etc. 

The essi'iitial reiniireineuts will be: — 

* • * I 

A fairly larj* ' llat table. 

Drawkig paper, this may be one of the cheaper kinds 
such as that known as cartriflge paper. 

Tracing paper, this is \iscful when it is dcsinAl to tit 
some given arrangement to fall in with.certain fixed lines 
on the dr^Kving. * * 

A well-sharpened, rather hard pencil. 

Or^'^or two set stjuares, prefi'rably of delluloid. 

straight-edge, pn'ferably f)f steel and not less than 
{} feet long. • * 

Scjile rules:—J’^irsfly, for taking dimensions from the; 
^mall S 4 ialc “ scht'me plans. Secondly, for preparing* the 
liTr^scale detail drawings. ^ 

A useful scale rule applying to scheme plans in ordinary 
use. may contain scales of 40, 66, 41-66, and 208-3B fet'.t to 
an inch. • 

„ An ordinar;/* “ universal ” s4;ale containing scales of 
^ inch, ^ inch, ^ inch, etc., to‘1 ^foot,tinty serve for the 
detail plans.f A specially''made scale rule, however, will 
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llsO 

L'flll- 


provG more useful, and iJL is sugglstc'd Ihat^this bo made at 
least a litilt' over the usual Tiins. in'jd'Df'th. s(^ that it 
contains 100 feet at 8 
contain a ,10 fed to tin 

vi'nii'iit sciilc* for lli(' [)Ui’])ose. ^ ^ 

0 

It is an afhantfor tlii ' H*and ]('4 toil >. caii's to l ) i ' 
fnilv ( li\ided ^it overs ‘ J . inehe '-, aTid tli ^ latyi'c scale -- at 
^ • ncdi . 


usual riins. in'id'nf'th. s(^ that 
1 feet to an inc|. Jt shtoufil a 
t' ileh seai(', as ^lis is a c' 


e\T 


set of (,ufv<'d ridel's. 


• I'aiidi ruler is iflarlieil with a nuniher representine the, 

aetnal raflius in inelies with u fiic'h the ( iirvi' has be'en 
striieh. * 

M> lind the .\iiniiiei' -il the loiier te ii’-e !(.|- a Lji\<’n 

!v. 1 .lilts of enrve.on (la iil.iii — 

• ' • • • 

iliil -r Nn ll.a.liu-' 'if eiirve in l'ei‘1 fn ( inch* 

'll till' -calc I‘1 the pla^i • 

CiiMvcrscIv U.idin- m icol llider Xu - Sc.-dc of ohm. 

'I'dilc I^» udvi-s the I'li^icj No--. f(.(l' vari'ill-- -c.dc-- and 
radii ^ • 

11. will he loinid tiia! ciu'veil riilefs nf sheet metal are 
ilii' most satislaclorv. beeanse th.e riili'i's (jl Hatlet* envvvi 
seem to lie eiit inor»4 exactly, and to •retain t4ieir irt-cnraoy 
better, than rulers f)f other materials •I'ln' boxes iisiial^ 
siipjtlied have a shortage of the' very lli*t ritleijs necessary 
l(ir larei* scale ]dans, 

'I here are oilier inslruniAits, which Ihungh not ahso- 
Intely neci'ssiiry, #\ill prove useful, stiefi as a lai'ce pair of 
conijiiissos, it srAall pjtir of •‘spring bow” c^npas.scs, a 
parallel ruler, a ruling pen, etc. Jndion ink shottld he used 
for ” inking in i’j;he ])lim. . • 


The question as to which^ge of the rail should be used in 
•drawing and oalculation. 

' 'I’hc lines on a drawiiie may i^lternatively ho»m ado_ to 
represent \-m~ * • 


1 . 'I’he inside ('dges or gauge lines of ihe rails, 

‘2. d’he outside edges of the rails. 

3. Lines oittsido oi^ the gauge lines^ I'v one-ludf the " 
thickness of crossing nose* * * 

•L The centre of the rails. • f 
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• No. 1 is ttfb motliod'strongly ,r('COiiimcT.i(li'(l, its adviin- 
tages,being thafcVr— 

, Practically aU publisjietl tables apply to gauge 

Tke gauge lines are tin' critical edges of tlie rails 
and are the lin^fs in contact with the whetd flanges. 

(c) TIa' gauge is constant,'regardless of the \vi(|tb of' 
the rail head. ' 

i 

(f,') The position of tin* cuids (ff ciossing legs is easily 
defined. 


(f) In uiau\ eases, such as in 1/ial of a crossover 
road, it is desivaldi* that the turnout curve should Ci'ase 
at the crossing nost*, and th(‘ legs be laid straight. This 
will he (piite in orih'r when the inside edges of tlie rails are 
^isod in calf.uhiLion by the (ieiieral Pules. In tin- easi- of 
the outsidy eflges being used, howeV('r, the curve must 
b(’ assumed to exttmd to the inter'A'ction of outside (alges 
and a wider ii^igl • of Q''ossing,,will In- arrived at, unless 
s])eeii'il rules are L-mpioyed. , 

No. 2 may be ctaiiuial lo'havo the advani.ige^ ^tliat 

((») CU'aranees to slructureft and si)aees hetwei-n 
roads arc usjialh measured from outside edge of rails. 

I • ‘ I 

(b) Thi‘ iKteVsOeti(jn of tlie outside I'd.ges at the 
crossing ^is a pjfiint which mev actually la- f-ei-n on the 
ground. 

(e) The outside edge does nr»l becntiie worn by wheel 
flanges. 

No. 3.. is occasionally i*.ed, the c>bju';t being that the 
intei’seeti(5n of the lines will show the actual noses of tta* 
crossings. 

No. i is common for small scale geui-i-.-d plans and 
surveys, the lines being plottejl^.") feet a[)art; tlie, crossing 
[loiiits occur where the .spliced fiart is the same width as the 
rail. . * 


•m'Er MEASURING 'AND l)RA\VlNa OF .EXISTING 

TRACKWORK. 


Those not trained in Surveying may find a first difa¬ 
culty in laying down on pnpt'r the position of existing worlr 
\yliich Avill .aff(‘e4#the new. Whilst not proposing to deal 
with the subject of Surveying, a*'4wv neti'si will sho\v' how 
by the use of nothing inofe than a string and tape, .a not 
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__ • _ DRAWING to' scale. 

very cxicnsivo or c'otiiplicatcd Iny-out,* may Be mcusvirod up 
so that it iiJiiy ho pk)tt(.'d*on paper. 





Example 1.—To su^ey two curved Main Lines containing 
Points an^ Grossings. .\\V.— L) 

1 Strotcdi a striie^ tc) .ict as a '^lr.u\dit. Mirvi-y Iiiu' li ' 


aIou'i.,idr 


rail and Jdiiu l■UllUl'll In cnxcr llio new work, 


2. Starting al poini .1 itialu' maj'Ks, /). ote at 
ri'iruiar iiitervaU alonj: lliB rail (m tlie l•xalll[)le at everv 
2d foi‘t). .\t the ''ame lime fade llie positioTi of sonu' oiTi^iu 
for moasifftn" up tin* pojiils and ortis«Mj.'s later, such a*^ 
till* toe ol pnints al (' • 


• 

.Measuif the sjpiare olTsi'ts 1. W, et«., from tluj 
Mlv^ey line to tile rail, nolin^^ these un jf'skeioh which is^ 
hi st niade as (lu* work proceeds 'riie# least .dimension 
heiwec'ii *1 mark and the survey line v ill l>e tlu* cotTect 
olivet iij l iiel) ease • • 


I If lii(',tw« mams are parallel, note the Space 
hel\\(‘en them, iftiot, measure^the Space oppot^e 1(j each 
offset mark,. We -hall then have sutlicient inforination tf) 
la\ down the Miiiy I >ines nn papi r. . 


d. To “ pick up ” the Points and CTo^sit^iia, .sl.art at 
the poinf F and measure swatch (a), tlie skiwv lead (&), 
the skmv distanci* from crosshig to crossing, (c) ihi* diaiiumd 


sidt;s (f/ and c), and the dimensions“f, and /?. If working 
to gaug<‘ linos, the blunt iwjse of •the cyjssings fn;]iiJic^ 
measured tif and the fact noted on the plan. * 


The dimensions to the obtuse crossing must be taki'U 

at the ci'Utre of tla* elbow* bc’ud. 

• 

(). To ol)tain the diivctiou of the h^ipcli lino hoyoud 
thf‘ crossings, Hje dimensions j, k, 1, and p may b<5 

taken, along with a few'*spaces ht'tw’oen the bnanch lines. 
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find t.te \ 

8 . Me.'isi’fc-o Hu- V('rs(,'(i sinos of tlu: turnouts. 

9. Talii- llu' of oi-rtain oxistiii^^ rail joints so 

that unm-{*(.‘sshiy riiil-oiilliri^ lujiy'hi' fivoiclod. . , ' 

I 

To plot work on paper:— 

1 . Draw the straight<lino *1 B. 

2. Mark two sinall linos ono at 2;) 'foot from A, Iho 
other at llio l('n_y;th of tln' first (tfTsot frdm tin* survey line; 
their intersection will he I la* point D. 

i Mart: oft' E in tlu sVune manner at its (fistance frf)iu ]j, 
and'prdcei'rl thus until all the ])oiuts on the rail have heen 
Tftotted. * ♦ 

3. Join up tlu' points #'\ilh eiyved ruh rs 

4. Draw the other rail to g.Mge. 

* 5. Draw the seci-nd I'oad al the uieaMii’ed spa'ees apart 

from the first. 

6 . ,Tlie ]«)sitions,of the points aiul crossings may then 
be marked off. and^the hraneh lines drawn through them. 

7. Ijocate tlu* points fixed hy ties, with a pair of 

compasses. For instanci', the int('rseclion of tiu' aro-; struck 
from centres .4 and 1) and with radii .-1 F and D F, will give 
point F. ■ ^ 

8 . Ink in all tlu* lines,* and the ptjn ‘is ready for 
receiving tile new work. 

^ 

THE DEAWING OF NI-DV TEACKWOEK. 

The drawing of a curve. ' * 

This may be accomplished upon the lines showm in 
Chapters fcVI." and VTI. After,fixing a ec'rtain numbin’'of 
poitffe'on the cuVve. iKey may be joined hy llu' correct 
curved ruler for the radius. 

The drawing of an angle. 

This Is descvi|>ed in Chapter V.* It may b(‘ pointed out 
tlfht the prolongation of short linea should not be depended 
upon. t < ‘ 
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Example 2.—To Aiake a drawing •of d Doubte Line Junctiop, 
the following diitiensions being ^ven:—Mqln lines 
straight. Clear spa^ between mans 6ft. Raflius of 
Branch on centre lii|e 12 chains. Jswltch^4sft. irith 
4|iA. heel divergence. (Fig. —2.)^ ^ 



m 

1st.—Draw ilw lini* .1 H to rcprc'scni Uu* main 

lino rail, next tfio linos G J, K L, and MS parallol to A li. 
at tlic t*orr<’C‘t fiistanoos apart to ro^a’osont tin' othor main, 
lino rails. , ^ • 

2n(I — ('Ijooso a p(anl (' I'or llio toi* of tho^wiloli. I'Voiii^ 
C mark off a distant*T i’ sa> ton tina's tlio sv\itoh longth, 
or 150 tool. iMark off - lon*limos*tliT- hoed divorgonco. 
i.e., 10 X d^ins.- dtt. 0ins,#'riio. lino drawn i'rom (' throiigli 
Q will l) 0 ^n ficcurato ])rolong,1lion of ijpo switoh. and tliori*- 
foro a tangimi from wliich tho enrv^ rna\ bo sol, springing 
from tin- swiloli lu-ol D. 

,‘lrd.“-'ro lay down tlio o\irvo of 1 lie outiTr railT whieli 
will bo;—702ft.'-fi Hp-+(», s^iiy BOOft ifadins; ealoulalo-a 
Versc'd sine (V) for a Sub-cbord (t’s). oslimating thi- latU'r 
to bo long onongh to includo tbo wholo junotion, sa\ loOft. 

• V-11 “ (Tilde CO.) 

= 22500- UiOO ' 

= ]4(HV^ )r W or 

Making DJi-Cj, -150ft., and. li P-V- 14jt. O^ins., 
measured squaro to C Q, wo may by two or tlin (.trials lincl 
point “ 

Draw’ tho chord lino t>7>\ bisoct it at T and mako T U = 

V =- i V. , 

• Obtain the plants IF and X by joining f' to D and ^ 
and making Vj^ = | v. Join'tbo pohits D,*!!’. f;, P 

by the correct curve ruler for the scale. Ihe other rail of 
the branch may Ihon be put in to gauge as shown by the 
dotted line. . 

4th._Mark the intojaec-tions of tho branch line ivith the 

mains, these will be the line points §1* the crossings •if 
W'orking to gauge *linea.* 
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. 'Hit' leads a’Tid nnv dlstiincos di'sired. mav then be 
sealed., • ' . V' ‘ * 

atlf.—^’ro lind vie crossing angles, draw tangents (seti 
(■lia*{)ter VV^ to thelbrandli line qnrve at eacli crp.ssing as 
shown hue dol.t'^d lines. Scale the crossing angles 
between these''tangents aijd the hiain, using a scale twice 
nr four times tht‘^Kcal(\ol' the |jiau! if the mains w'en' 
eiir\ed, it wniikl he necessary to also draw tangi'nis to theyi 
at the crossing'^. I’lie crossing angle would then he”the 
angli' bel'^^een the fwo tangents. , 

4 

Example 2.—To draw a turnout with a given Lead and 
Switch. (l'igX\V_;{) 


Fic. sxr-3. 

G 



1st.—Draw tin* t\v()' lines A Ji apd OJ at 4ft. B^ins. 
a|airt. ('Imnse a pijint fnr trie switch toe and mark off 
tile ciMSking jkoint hj ,at the distance', ..fjead phis Switeli, 
fnnu ('. 

‘Jnrl;—Ki;om (' inark (»(T a (list.nice CP, sa\ four times 
the switeli l('ngth. Mark off P eiinal to four tinji^s tlio 
heel di\ergenct', ;ik( 1 draw th(' pwilcfi line ('Q. , 

Mrd.—sh.iii D E .lud at iis Idsection 7'. draw TV square 
lo D K and cutting C Q at IJ. I'vaw the liiie.r E F. 

The ang^' FEJ '\ill be the crossing angle. 

'riic Wised siiK' wilii be half T IE 'I'hi'iredins will hi’, 
I) E siuifired divided bv twice M E. 


Example 3.—To draw a tumoui 'with a given Angle of 
Crossing and Switch, (big. XXV.—8.) • 

, 1st.—^i^)raw the main Jiiu's and the switch line C Q 
hefori^?'* • j 

2n(l.—On a piece of tracing jaipi'r draw two lines H'iV 
and KL crossing each other at the crossing angle. 

^ 3rd.—Place the tracing tpapc'r over the drawing, 

keeping line VV N (aeline (iJ, and nxnc it lengthwise until 
the*line K E !j cuts the line i' Q at h j^oint//„ so that D U 
U equal to V E. t 'Ilie point of*the crossing will then he at /i'. 
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Example 4.—To draw a turnout from a Airved main line, 
with a given switch. (Fig. XX^—4.) • , 



Draw tho rails .1 H anrl GJ M the curvcfl main. 

• 

This may la',done hy falciilating a Versed sine on a 
chord long ('nougli to cover tin* turnunt. and “ fiuartering " ; 
see CMia]der VF 

IM.-irk the toe C and tho heel 1) of the switch. “ • 

Draw a tangt-nl* .V P to the main Lnneffiiig it at [aant 
K oi)posiU‘ to ihi' sw ilcl^ heel, •h’rom*pctinl M ojjposiie tlie 
switch loe, mark off 1/ times llie switeli haiglh 

and ma]i^ PQ six tinu-s tin* heel divergeuci-. A line 
will he a tangi'iit f<' the switch a^ its heel. Tlie turnout 
curve may then hi* tlrawn a.> shown pi-esiously, sin'iuging 
fniDi this t.angi'id at the switch lu'i 1 , 

The, last exampli- is of a turnout of^siniilar lli'xun'; Wie 
]*rocedur(' will he the •^anu* with a turniTui of i*i(aitra flexure 
in the fase wluui il is d(‘ti’rnnned tliat tlie sidi* or stock rail 
must*follow the m:rin line cifrve, a s(:mdard straight, switfili 
being curved to^it against it. This is’ohjectionalile, but it 
will not h(' ffilhdiilt to main' t#ie drawing in kee^iing with one 
of ilic methods of avoiding the reverse curve iftentioiiod in 
Chapter XI. ^ 
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BOOKS (conii)m(?d)-~MATIlEllrATICAL fABLES. 

,, 'g ]‘l KlVUEIl. 

lablt'M oi Squarc.s, (.'ubes KdoIp, and Keciprnills Df • 

XuDibPrs 1 10 10,000 ».... Si^ii. 

iinluTs'h MSlliiL'iiiiitK ill T.ihli's. l^i>i;aullull', Tri;<iijfilih'iii- M m 
<'ol, I'lp .• . .. •■ <'lijiiL-i(prs. 


I'KllIODICAtiS. 

On which froqflent artich-s upon Permanent Wav appear,) 

Till K.iii'\.i\ Kii!> iiiccr Miiiitlil.v ^ 3 , Pul hill Si. l.i.nilnn, >\V i 
Tlif l{,iil\vi, (l.i/ciic Mci'Mv I'lliii 

'Bilihv.iv M.iiiiti'ii,iiut IlnijiiMrii('Im,i"i.). l‘;a>i.|«.iM oirice. ''irni)iiiiiil*-lliMMJin,iri* 
l’iilili''liiii)r ('ll.. 34, \irli>ri.i Si J.i iiii'iii '• W 1, ■ ' 


INSTITUTIONS, ASSOCIATIONS, KTC- 

(Who-iC lieports, Journals, etc., include natters appertaining to ^ 

Permanent Way.) * • 

• « ■ 

lid.irJ ..i fi.idc, I Itepor!.'' prinli-d h.v 11 ..M St,i(ii,ii('r.v Ofliic. Sen 

M.iiJbti.v Ilf 'i’l.iii-'iHiii. f Uieir iMt.iloifue 


• < # * 

lull < II diiiiiiil llail'.v.i.y AsMiciii- keiMirl.'-and Mniillilv Biillrliii'i pnl'li'-licd b.v I’-S 

* linn, Ivnnr, id. Miiilli .St., J.ondiai, vS\.I. 


Brilii'li Kiigiiioeriij^j HAaiidnrds Jtcporl')* ele. njuaiinihle 

* tubueiiiliiiii. 


:cpori'|» (’le . iilliaiiniDle irnlil Sc 
VulDi'w S( , Liiiidiiii, S.\V.1.“^ 


Srirel.iry, .:a. 


Institution (if Civil Ejniiiieers . 

• • 


Peraiaiiciit Way In.^titulion 






Aliiiutes of I’nieredniifs is.'iued m .Weiuhcr;! uiily 

Jouriinl ii'biicd IJirnc aiinualb **^'his is uii 
I'ducatidiiiil iiistiiiilKiii for In peitors and all 
fliiijdo.M'd in Jiriginecrinfr Depis. Spcietnry, 
* T*. E. .Mi'Lewin, 6, Jidilli Knad. Kavershatn, 
Kent. 


Aniyiiean Bnilway Bngineerinff 

\Ks(i('iati(ia. 

liidiiiii Board .. . 


.Manual niid KeporU (ibhiiiiablc from Srvretary. 
giieoKo, Ill., T'.K..\. 0 , 

• • , 

Teclniieal Papers obtainable from Sinf>rinteiiaent 
of fJovenirncnt J*rinting, (lulridra, or P. S. 
Kiiifr, London. 


Trarnwa.v-j and Lifflii 
Association. 


[taihva>'.s .Tournal piilili.slied inoiillily by ;tie ^s-^onnlam. 
('a.tton House, Westminster. Piiie 1 /-. 
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TABLE l.\ 


TABLE 1. 


WK[GHTS.AN1) MEASURES. 
LINJCAR AND SURV?]YING MKASUKE. 



1 Sq. ilicli -- 6-401 Sq. centimetres. • 
1 ,, foot ■" ’0929 „ metres. 

1 ,, yard ~ ’ASBl* ,, moires. 

*• • 

LO „ clmiiis 1 Acre. • 


m 


4 





























— ^ . 

TA«LE 1 {co«ton!<o<i)--CUBIC M^IASURE. 


tahleI. 



J Ciibk! ft. -- 6-2355 Gallons. 

ANCUTLAK measure. 

60 fujconds fOO") " I "Minute. 

6)0 iMnuilos (60') ■ ■ 1 Dej^rec. 

00 Dc\l;iv('s (!MV ) 1 Jtiidit Anjtlo. 

]i\ Circular or Kadiun l\If’ii';ure : A li.idi.vn is tUe aiiftlc* 
at tlie centre of a ciiclo, r>ijl)t('iiclcd he an ai^ e<iual to 
'■adiiis. One Hadian * oT’^OoS'-'. .'i-14J6 Itadians - ISO'-’ 

AVOlRlfi'l’OlS WI'UiflT. 


; 

• 

Oriiicos. IVaoiilsi 

• 

' 

Kilo^^nirn’s. 



1 

' 0 

• • 

m • 

1 Pound ... 

16 

... i ..0 I 

. -45:16 . 

1 Quarter ... 

28 ' 

1 ] 

-■* 1 

• 

] . 

- ' ... ' 112 , 

•I i ... i 

, 5(;-802 

1 Ton . 

• 

... : 2210,i 

80 ; 20 ■ 

1 

• 

,l016-()48^ 


* U) Lh.s. o! watft- 1 (lallon. 


• t Mbyi'JtlC IMHASlHtHS. 
LINEAR. 



1 Kilometre •=-’ -^5214 J)111e nearly). 60 cm. — l' 11&". 
1-45 Metres (French .(xatif^e) —* 4' 9-09". , 









• I 

TABLE r 


f 


._i_ 


' Sq. ] . jS 1 j cj, SI,, 

• . . • me°re«.K| ! 1'“°'''’ 

^ .... 

1 Sq. centimetre (cm =- ... | ... 

J ,, metre « 10,000 

• ' !• 
t 

■ 


■ISoO 

"V 

r 

' 

I0'764 1-196 


« 

CUBIC. 

_ € _ 



Cubic 

centimetres. 

* 'Cubic feet. 

« • 

^ 1 

Cubic 

yards. 

1-308 

! i 1 

1 Cubic metre (rn’*) “• 1,000,000 i tSo-SlGG 

« • 1 1 1 

' ! ' 


f 

WEIGHT 

• __ 



,_Z-•<- 

Gn\inifios. 

1 

Pounds. 

.•"I 

. . _. 

r 

1 

1 Kitogiiunme . 

• • « 

j -- 

1000 ! 

• 

2-204 G 


• Ct)MrOUND EQUIVALENTS. 

1 Mile pel'I fdui- . t.”‘ 1'005)3 Kiluuieti’os ])fi‘liour. 

1 I’oot- seo'^nd ." 'SO'lrt Metros per second. 

1 Poiyxl per yar<i .-4% Kilcff^b. per metre. 

1 Kilometre i)er lionr .~ *0214 Miles per lioiir. 

1 i^fStlre pel SocoikI .■ y-280£) K8et per second. 

1 Kilog. |)er metre . "7 2’OJG Lbs. per yard- 

1 Kilog. per sq. inillimctro ‘GSd Tons per s(j. iiiffh. 


N^j^~’4ihe j^qnivaloutji given* tbroughoufc Table 1 cntible 
cortvorsions lo bo made: thus— because 1 foot -3048 
metres; to convert feet to metres multiply the number 
of feet by -3048. 


814. 





















. Itablk 2, 




-L-A 



T^BLE 2. 

-4- 

IV^ENSURATilON. 

• • . 

Parallelof^rara — 

Area Lonfith X Breai-ltlj. 


Triangle— 

± ‘Area Base X 7^ Height. 

*■ B ^ '■B*” • 

Ci)c]e— 

• Circuinfei-ence “ ■ Diameter X 3'1U(). 

or ,, X (.ijTju'dx). * 

Ar^iL Hiiiiaro of (iiamotcr ¥ 'Vf-i.Ol. 

or -- ,, ,, X J 1 (approx.). 

/• V ^ . • • • 

* -‘c’ -* Segnieul- 

Area -■ (*iiiy(l X 'j of Vorsod sine (ajiproxJ. 

Irrcgular^Figiire— • * 

To lind -Aiea: Bivido the figure into trjiinglos, 
parallelogram.^, aigl segmwjts, and add 
llic.ir areas togelh.cr;^ * 

Or; Divide intn iVutillel stri4)s; .Vroa of 
each s)lip - Widili x [..uigth on centre 
lino of st'nip ; Add areas of stri])s together 
for total. • 

PJirallelopipo.d - 

L L''/ Kolid Content “-Mjengtlr x Breadth X Depth. 

1;—L -vie. . , . i. 

/ ;/'\ I A rrism or Cylinder— 

•-.tjAj.*.—U Scjlid C#w].cnt -- Area of end X Length. 

!*’i Pyramid or Cone— 

•* Solid Content =-*^ Area of end X Hoight. 

• Wedge 


!• - H -V. 


Solid Content - - i Area of end X Height. 
Sphere— 

Solid Content = Cube of diameter X -5230. 
*_tA__ 


* Suefl a^a rectftngular wa^on body, box oj tank. 
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TABLB 2. 


TABlifi 2 —iAeNSURA-TION {continued). 


r 

ini 


Irregulav ‘Solid FigulB (such as Earthwork)— 

\ A • ^ 

*Tq^ find^Solid U^nteiit: Metlnnd 1—Take cross areas at 
V)veryL marked change in* section and multiply the 
mean or aVerago of each twcf adjacent areas by the 
distance between them. Add these volumes f Qiiri We 
total. » 

Metliod 2—Decide upon an equal 'distance apart D," 
at which cross areas shall be taken, Starting at 2 D 
from one end, take cross areas al every distance D. 

The last area will occur either more or less than i D 

■ 

from the end, 'Call the distance from the end 11." 
Multiply the sum of the cross^areas, except the hr-t, 

1)V D. Add the last area multiplied by i D plus I'l. 

• • • 

Tlieso two methods are utyially fallowed, hut wliat is 
known as “ Tiio.PrismoidKl liule" is more !fe,curato. 

t 

. If an end area becomes Nil b\ dsing out to a point, 
•the eTid portifJii should bo takemas a pyramid. 
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_, _ ^ ■_ 3. 

• TABLE* 3; • 

WBIGFIT?^ OF MATERLU^S. 

Note ,—The weights of sfcoAe, tirabof. eto| even of/the sajpie 
desci-ijptiou, viivy consMerably, and /the figvpjs nj^y be 
taken only as n general gnide. ' « • 

• BALLAST*. • 


i 

1 • ■ • 

I Lbfi. per 

1 Ctnbic foot. 

]• Cubic feet 
j per Too. 

• 


# 

Engine Ciiulor. 

• 56 

! 40 

• 

Ironworks Slag .« . 

S3 

1 

i ‘27 

1 

Limestone ...». 

!)5 

• 

i 

(jiranile. 

• 


ii • 

Oiavel with sand. « . 

• low • 

i :^2 

1 

• 

Ciravol.^an . r.*.. 

• 

!)() 

• • 

•25 , 


TniBKl 



- 

m 

■ ■ *» 

] Cnliic i 

«•» 

m 

R-.i.lf.ie. Kir. oloivn . 



:]s 

* ,, creosoted ... 

• 


...; 4n 

Red I'ine ........w. 


• 

1 

...i 3M 

Pitoli Pino ....•. 

• 


..« 15 


Baltic FU Sleeper, clean, 9* X 10" X 5" (3| efft.) 
. .. creosoted.. 
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■ T.A^LE 


^ABLE ‘ 3 icQtitimted )— METAfS. 


Lbg. per * Lbs. per i 
cnbic inq^. rnhir, fmt. ' 


^ V ^ 

c 


i • 

Cast Bon ..A.. 

.... - 200 * 

4o0 

1 37-5 

« 

. ff 

• 

1 

Wrought hop ...*.. 

-2777 . 

4S0 ♦ 


Mild Steel . 

• 

.... -2833 

1 

■ 189-6 

% 

• 

i 40-8 

1 

1 


'Csist, Iu)n. Soi.;t.ion!il Area in sq. ms. X 3^ " lbs. per ft. run. 
•M/rot. „ « „ ., :].V 

Alilil .Steel. „ . „ x 3*1 - 

,, ,, ,, X 10'2= lbs. per yil. run. 

• ^ 

liouud Iron. Nuuibtr .of oigliths of an incli in^Jiaiucter. 
sijuarcd X •0-U lbs. per foot run. 

VVeigld of Hails .—4 

l‘ouu(ls»per iiifd X /1 — Tons per mile id' singlo rail. 

'iVj fiiul weight jjoi yard in^lbs., when an odd length,of rail 
has been wei'ghod. Multiply weight of length irv Ibsf-^- 

I 

by yf), and divide by niftnber of iiicliot in the length. 


TABLE 4. 

_.u 


^ StJUARES, SQUARl-7 ROOTS, A>fD RECIPROCALS. 
OL^ Nu Fibers'1 to looo, 

^ote .—To apply the Table to numbers containing decimals, 
and to numbers over 1000,. see Chapter IV. and Talde 4a. 
, For the actual ^lociproeal move the decimal point 3 places 
to the * * * 
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'ABLii: 4. 


li? ROOTS, ANI) EECITROCAf.S—co»i/wwM<i. ‘ 

A ^ 


No. I Square;.! 


1>4112 

1- 7321 

2 - 0000 
2-2361 
«-440,5 
2-645« 
2-rt2S4 


r,-.1772 
5-3(17 H 


6-4807 
6-5-574 
6-6332 
6-7082 
6-7823 
6-8557 

6- 9282 

7- 0000 
f-0711 


Reoip.. 

^ 1000 . 


7-1414 A l9-( 
7-2111 19-; 

7-28^ l#-i 
7-;J485 *18- 

7--1162 18- 

7-4833 17- 

7-5498 17- 

7-6158 17- 

7-6811 , 16- 
7-7460 T 16- 

7-H102 16- 

7-8740 ; 16- 

7- 9373 l.'j- 

8- 0000 15- 

8-0623 1,5- 

8-1240 •1-5- 
H-1854 M- 
8-2462 14- 

8-^066 .14- 

.s-,}(i66 14- 

8-4261 : 14- 
8-4H.53 i 1.3- 
S-,5110 I 13- 
s ■(11)23 I 13- 
S 6 ( 10 :} ! ]J}- 

8- 7i7M ; J3- 
.s-7750 : 12- 

I 12; 
8 • S'-i-Ti ! ] ? 

.s-9;i3 I 12- 

9- 0000 i 12- 
9-05.54 ! 12- 
9-1101 ! 12- 


2916 
3025 « 

• 3136 4 
3249 
3364 
3481* 
3600 

3721 
3844 
3969 
1096 
122.5 I 

• 13.56 
4189 
1621 
4761 
lljilO I 

5011 

■5181 

5476 I 
5625 ! 
.5^76 I 
-5929. ! 
4i(i8r I 
(L’ll •! 
(;40() i 

6561 l' 
6724 
6889 
7056 
722-5 
. 7306 
75()9 
7744 
7921 
8100 


' 16-.3934 
; 16-1290 
l.'j-8730 
15-62.50 
15-3846 
• 1-5-1515 
M-41254 
14-70-59* 
.14-4928 
14-2857 

; 14-0845 
i 13-8889 
I 13-698^ 

I 13-5135 
! ]J‘-:}333, 
; ^3-1579 
: 12-9879 
I ia^ 82 (m 
! ]”6582 
I 12-5000 


20-4082 1 90 


ao^oooliooi 10000 lo 


9 1(F.2 1 

11-9048 

9-219i? 

n-7647 

9-27;}6* 

11-6279 

9 •32.4*“ 

11-4943 

9-gHl8 

11-3636 

9-4340 

'•11 ■2.360 

9-4868 

11-1111 

9-539-1 

10-9890 

9-6917 j 

* 10-86M 

9-6437 

•10-73^7 

9-69.54 

10-6383 

9-7468 

10-5263 

9-7980 

10-4167 

9-8489 

10-3G93 

9-vS99.5 

1 10-2041 

9-9499 

} 10-lOK) 

10-0000 

1 10-0000 












































SQUARES, S QUARE fiOO TS, Airo REClPl^CALS—cw/injW. 


Ill : 

.112 

113 

114 

115 

116 

117 

118 

119 . 

120 


Square. 

J 0.^01 
104(11 
10()0& 
11)816 
J 102-5 
112.46 
114-19 
11601 
1;k81 
12100 

12:)21 
l-M 11 
12709 
12096 
l:)22-'> 

'i;568;-i 

I:>92l 

14161 

11400 

14011 

1.1129 
1.1376 
l.ircJ.-; 
1 ViVO 
16120 


Square 

Ro^'t. _ 

10 0499 
10 099.5 
10-1489 
10-1980 
10-2.470 
10-29.56 
10-5441 
10-.4923 
10-4103 
10-4881 


Hecip 


lobi). 


10-53.57 
10-.5.^30 s-92.8,57 162 
10-6301 H-849-56 163 
10-6771 H-77193 164 
10-7238 8-69.56.5 165 

10-770:5 62069 166 

i lO-HlOT 8-.5.4701 167 

1,10-8628 8-17458 168 

j 10-9087 8-40336 169 

j 10-951.5 .8.;{:<'!:)3 170. 


9 T90099 22801 

9-80392 182 23104 

9-70874 188 2:3409 

9-61538 1S4 23716 

9-02381 155 2402.5 

9-43396 156. 21:5:36 

9-34.579 157 ! 24649 
9 -2.5926 158 | 2496-1 
9-17431 159 1 2/'281 
9-09091 160; 2.5600 

9-00901 161 i 2,5921 


‘.>l);il4 

2()C>()',., 

26.896 

27225 

27056 

27.8.80 

-;s221 


Square 

Root. 

12-2882 
12-3288 
12-3693 
12-4097 
12-4499 
12-4900 
12-.5300 
12--569.8 
12-609,5 
12-6491 

12-68.86 
12-7279 
12-7671 
12-8062 
"2 ■81,5-2 
12-8.811 
12 ■ 922, 

12- 961-5 

13- 0O()(» 


' 1 1-0000 8--26-146 I 1">1 ' 2921] 

i 11-04-51 8-19672 472 29584 

i 11-090-5* S-li.OOh 173- 29929 

; 11-1:5.5“) 8-0(;ir,-2 174 :502 76 

! n-1803 8 175: :5(162"» 

< H ■22.50 7-9;)6;5l 176 i .30!'56 

I ll-26'l I 7-87402 177' ■;J:529 

I 11-:5137 j 7-812-50 178 ;5i68l 

11-3.578 7-7.5191 17s) ! ;520ll 

11-4018 I 7-692:51 180 i 32100 


128; 

I6:i8 4 1 

ll:iVl7 

7-812.50 

129 ' 

10641' 

11 - :i.“)78 

7-7.5191 

130; 

16900 

11-1018 

7-692:11 

131 

17161 

11-U.55 

7-6;3;j.)l) 

132 

17424 

11-481)1 

7-57570 

133 ' 

17689 

ll-.5:)26 

7-.5lH80>. 

134 j 


31-,57.58 

7-46269 

135 

18225 

11-6190 

7-40741 

136 i 


11-6619 

7-.3.5294 

137 

1.8769 

11-7017 

7-29927 

138 

19014 

H-7473 

7-246:18 

139 

19:121 

11-7898 

7-19424 

140 

19600 

11-8.322 

7-142.86 

141 

19881 

11-8743 

7-09220 


2(^*64 

11-9?64 

7-94225 

148 

26449 

ll-9'583 

6-99301 

144 

20736 

12-0000 

6-94444 

145 

21026 

12-0416 

6-896.55 

146 

21316 

12-0H30 

6-84932 

147 

21609 

12-1244 

6-80272 

148 

21904 

12-1655 

6-75676 

149 

22201 

12-2064 

6-71141 

100 ] 

22500 

12-2474 

6-66667 


28000 l.O-O.SSI ; 

2021] l:) -071)7 I 

20584 i:)-11Jii.J 

29020 i:5-];520 

:50276 I 13-15*09 
:5(*62;5 I 1:5-2288 
.30!>56 i 13.266.5 
■;j:529 ! 1.5-'.3041 
;5i68t 1 1.5-.3417 j 

:52oii i;5-:579 i i 

32tS)0 13-4164 I 


:i27(51 
:5:5121 
:53480 
:-5:58.5(5 
:5122,5 
:{-j.506 
:J1969 
. 5 . 5:5 44 
:3572l 
.36100 

:404.81 

36864 

372-49 

37636 

:)R025 

38416 

38809 

o39204 

39601 

' 4 OOOO 


1.5-4.5:56 
13-1007 
13-,5277 
1:5-5647 
1 : 5 -6.1 *1,5 
3 :) 6:582 
13-6718 
1-3-7113 
13-7-477 
i:)-78.40 

13-8203 

1:5-8,564 

13-892.* 

13-9284 

13- 9642 

14- 0000 
14-0357 
14-0712 
14-1067 

^ 14': 1421 


I Recip. 

J ^000. 

6-62252 
6-57895 
6-5;i596 
6-49351 
6-45161 
6-41026 
•irSoVl-lH 
6-:52911 
6-289:51 
6-2.5000 

6-21118 
()■ 172.84 

6 - 1 : 5-497 

6-097.56 
6-06061 
6-02410 

.■.•i*fi,'-()2 
.5-9.5:>.5.-* 
.5-'‘1716 

.5 ■ . 8 ^ 2.3.5 

I .5.8-179.5 
! ;5.Sl.:9;5 
5-780.35 
,5 ■7.171:5 
,5.71129 
5.6.81,82 
,5-(i49';2 
1 5.61798 
5..5h6.59 
5 • .55.5.50 

,5-52486, 
5-494.51 
. 5 . 46.1 !H 
5- 4:5478 

5- .40.541 
,5 ■ :576:54 
.5-34759 

, .5-:51V)15 
5.29101 
5 26316 

6- 2,35130 
5-208:13 

5- 18135 
5 15464 I 

6- 12821 
5-10204 
5-07614 
5-05051 
5-02513 
5-00000 








|Afel.E 4. 


SQUARES. SQUaIe * 1100X8, AND REQIPRQC^LS — conivnw^. I 


No. 

S(juarp. 

Square- 

Ut-rip. 1 
•: foOO 1 

No. 1 

Square.. 

Squaro 

1 Rnoti. 

Kooip. ■ 
^ 1000. 

201 

40401 

14-1774 

4-07.A2 

2S1 

.6;4001 1 

F 

15-84:40 

“•■r ■ ■ 
r 3-98406 

202 

40S04- 

14-2127 

4-95080 

292 

6.350^ 

15-874a 

3Jt6825 

203 

41209- 

14-2476 

4-926y 

253 

oioosf 

1-5-90(10 

3-9.52-57 

204 

41616 

1-4 •2829 

4-901Sf6 

254 

(51516 

l.5.9.f74 

^•9:4701 

203 

I'iOS.'i 

14-:417S 

4*87.S0.3 

255 

* 65025 

*1.5-9687 

;4-92157 

206 

424:$G 

l«l-:i-727 

4-s:«4i57 

256 

(fi55:4(5 

*16■0000 

a-90(525 

2ff^ 


14-:5.s7-3 

4-h;4002 

.297 

(56019 

1(5-(W12 

:4-89105 

208 

4:{204 

14 - 1222 

4■S0760 

258 

(56-561 

, 16-0624 

:4-87597 

209 

4-'5r,Hi 

11-1366 

i4 ■ 784(59 

259 

(57081 

16-09:45 

,3-86100 

210 

14 Ur) 

11-.40M 4 

4-76100 

260 

67(500 

16-121.5 

3-84615 

211 

ll-VJl 

14 ■ 52.-,m 

■4 • 7;59;w 

261 

'* 68121 

1(5-1555 

a-8:4] 42 

212 

140 4 4 

14--V182 

4-71(598 

262 

(58644 

16-1.864 

:4-81679 

213 

l-l.iOO 

M--'.01-1» 

‘1 ■ 60'4H4 

283 

60169 

16-217:4 

3-80228 

2l4 

l.»74)0 

14-62^7 

1 ■67290 

264 

69696 

16-2481 

.‘4 • 787.88 

215 

liSyiT) 

1 i -iscrio 

•1 (55116 

265 

7022.5 

16-27SS 

3-77:458 

216 

IfJC.Vi ' 

14-r,0(50 

4 • 629<5:< 

266 

(■(47-56 

l(5-:40!).5 

."J-T-lO-li) 

217 

IVlINl) , 

]-)-7.:i)i» 

4-(50 8 29 

267 

712S9 

16-:410] 1 

:4 .’715:41 

218 

17.'.21 i 

4 4 - 76 4s 

J-58716 

268 

7JS-J4 

16-'p)? 1 

.•4 ■7:41:41 

219 

47m; I 

14-70^6 

-4-56621 

269 

12:051 

16 --401 -2 ■ 

:4-717.17 

220 

i.stiio 

1 4 ■ 4 

4■51515 

270« 

7290W 

*16-4.417 I 

:4-70:470 

221 

4SSH 

ll-sfiCiJ , 

271 

7.4/41 

16.4(521 ■ 

;i • 6900 4 

222 


4--")|)|')(i 

€72 

7:>'.is 1 

U;- 4021 

.‘4.(576 17 

i 223 

10770 

14--.i:i:i2 

r-4.81 ;l 

273 

74r5») 

16--522 7 

a-66:51 (O' 

224 

.lOlTO ' 

1 4-0666 

(f- 40 420 

274 

7-5076 

115-.5.529 

:5-61964 

225 


15-0000 

4-44141 

275 

75625 

115-.58:41 

3-45:46:46 

220 

■iU)7(‘> 

15-on:’.;: 

,4- 12 47.4 

278 

7i',lSi; 

lt;-6»12 

:^(i2:-519 

227 

.'■)1.")20 

15 ■ 066-> 

4-40.520 

277 

7(;720 M i6-6l:;s 

a-GioiH 

228 

.‘)10S| 

15-0907 

l-:5s-,9f; 

278 

77*s 1 

]f:-67;4;4 

3»712 

229 

rvJ 4 41 

15.1:5-27 

.4-;5668l 

279 

77841 

1(;-7o:4?5 

:4-.5842a 

230 


15■165s 

■4 •:s 178:5 

280 

7sj()0 

16- 7;4;42 

a-57(43 

231 


15 ■19.87 

.l-:52900 

?81 

78961 

16-76:41 

;4-5'5.873" 

^.32 

r),{H24 

l->-2.g5 

4-310:51 

282 

79.521 

16-7929 

:4-;54'110 

233 

■'il-J.sO 

lo.‘.^l'5 

4-29185 

3B3 

80089 

1(5-8-2^6 

:i-5:4.!.57 

234 

' .)47*)6 

15-25471 

4-27:4-50 

284 

806-5(5 

16-852:5-, 

a-5'2J (.4 

235 

' 5522-7 

15.5207 

4 • 255:42 

289 

8122-5 

16-8819 

a-.5087 7 

236 

: 55606 

i.v;tf2;5 

4-2:4729 

286 

8179(5 

1(5-9115 i 

^4-496.50 

237 

' 56169 

1-5 ■ :5‘.» 4S 

4-219-41 

287 

82:469 

](5-91I’ 

3-481:42 

238 

• 56614 

15.4272 

4-20168 

288 

8-2944 

1(5-4^06 

3-47222 

239 

! 57121 

15-4396 

4-l.S«l!W 

289 

, 8:4521 

17-0000 

3- 1(3021 

240 

1 447600 

15-4910 

4-16667 

290 

1 81100 

17-0294 

:4-1 (828 

24L: 5rt0Hl 

15-5212 

4-14938 

291 

i "84(581 

17-0-587 

3-43643 

242 

.5H564 

•15-556:5 

4-J:I22» 

292 

^5264 

17-0880 

‘f4-4‘216«^ 

243 

500-10 • 

15-5SS5 

4-11-52:4 

293 

85849 

! ’17-1172 

5-41297 

244; rjOfilU) 

15-620-5 

4-098:46 

294 

86t;46 

' 17-1464 

3-40136 

245 

< 60025 

15-6625 

4-08163 

295 

87025 

j 17-17-56 

3-38988 

246 1 60r)i6 

16-6844 

4-06504 

296 

87(4115 

! 17-2047 

3-:57838 

247 

, (51000 

15-7162 

4-01H58 

?97 

88209 

' i7-2:-4:^7 

3-36700 

248 

61504 

15-7480 

4-(gi226 

298 

; 88804 

LA7-2627 

14-35570 

249 

, 62001 

15-7797 

4-01606 

299 

1 89401 

‘ 17-2916 

3-34448* 

250 

' 62500 

l.f-8M4 

4-^0000 

300 

1 90000 

; 17-^5205 

3-33:43.3 


821 


K 








TAHLE ' 4 \ 


' HQUARR8, 

l?quaro i 
Hoot- i 

I^OOTS, AND RECIPrJ 

iCALS— cofitimied.' 

No. : 

Sqaare. ! 

• 

Hecip. 1 
X 1000. 1 

No. 1 

6quare. 

Square | 
Root, 1 

Ueoip. 

X 1000. 

301 

"T- 

90001 

l7-34Sk 

3-32226 

88# 

123201 

18*7350 

2-84900 

S^i 1 

.91204 

17*8781 

3-31126 

883 

123904 

18-7617- 

2-84091 

303 ! 

91809'^ 

17 ■4069- 

3*300.33 

363 

124600 

18-7883 

2-83286 

304 1 

92416 

‘‘17-4356 

3*28947 

sn 

12.5316 

18*8149 

2-82486 

805 1 

93025 

17*4(W2 

8-2^869 

355 

126025 

18*8414 

2*81690 

806 

03636 

17*4929 

•3'26797 

356 

126736 

18-^680 

2*80899 

3071 

94249 

17-5214 

3-25733 

J387 

427449 

18-8944 


308 : 

94864 

17*5499 

3-24675 

388 

128164 

18-9209 

2-79330 

309 

05 . 4 SI 

17 **5784 

3-23625 

350 

128881 

18-9-173 

2*78552 

310' 

9Glf)() 

17*6068 

3*22.581 

360 

129G90 

18-9737 

2-77778 

311 1 

96721 

17-6:152 

3-2^543 

361 

130321 

19-0000 

2*77008 

312! 

97344 

17*66:45 

3*20513 

362 

131044 ^ 

19-0263 

2*76243 

313 I 

97969 

17-6918 

3*19489 

368 

131769 

49-0526 

2*75482 

314 ' 

98.')96 

]7-7200 

3-IS171 

364 

1.H249C 

19-0788 

2-74725 

318 i 

99225 

17-7182 

3-17460 

365 

l:J3225 

19 -1050 

'2-mn 

316 I 

99fH56 

17-7764 

:j-164.56 

366 

]:i;J956 

19-1314 

2*7.3224 

317-i 

100489 

17-80-15 

;}- 15457 

367 1 134G89 

19-1672 

2-72480 

• i318 : 

191124 

J7-h:126 

:J-14165 

368 

1.35424 

19-1833 

2-747:39 

319 

101761 

17-8606 

3-1:4480 

369 

i:i616J 

19-2094 

2-71003 

320 

102490 

17-8^185 t 

3-12fO0 

370^ 

136000 

49-2:3.54 

2*70270 

321 

l(»30ll 

17-9165 

:Mir>27 

3%t 

137644 

49-2614 

2-69,542 

.322 

1036H4 

17-9114 

3-405,59 

372 

l:-lH3!i4 

19-287:1^ 

2-68817 

323 

104329 

17 -9722 • 

09598 

373 

1.30120 

19-.3i:t2 1 

' 2-68097 

824 

104976 

18-0000 

;l*0s642 

374 

1:10876 

19-3:301 

2-67:180 

325 

l^ 15625 

1H.0278 

:{ ■ ()7«592 

37S 

1406-25 

19:3649 

•2-66667 

326 

1(X'.276 

■ 18-0555 

:j-0(i719 

376 

4 141*76 

49-:3907 

2 - 6 . 59.57 

827 

106929 

iM.OstitI 

:-J-6.5810 

377 

1-12120 

19-4165 

2-652-52 

328 

•’075HJ 

IS-J 1()8 

'3-0-4878 

378 

142881 

19-4422 

2*645.50 

329 

10S211" 

IS-1.384 

3-0;}951 

379 

14:i641 

49-4679 

2-6:i.s52 

330 

10H900 

' 18-1659 

3-030:»0 

380 

144400 

19-- 49:16 

' 2-6:1158 

“r£ul 

109561 

! 18-1934 

3 - 02115 ' 

381 

115161 

19-5192 

2*62467 

332 

J10224 

18-2209 

:j-01205 

382 

145021 

119-6448 

2*61780' 

333 

110889 

IS-2183 

3-00:300* 

383 

146689 

^9-,*704 

2*61097 

334 

11155{; 

; lH-2757 

2-99401 

384 

1474.56 

49*5959 

2*60417 

335 

112225 

18- 30:10 

2-98.507 

385 

14.S225 

19*6214 

2*59740 

336 


18-3:103 

51-97619 

386 

148996 

l9o6469 

2-59067 

837 

113569 

18-3576 

2-96736 

387 

4 49769 

19-6723 

2-58398 

338 

111244 

»:8-:l848 

2-95858 

388 

450544 

19*6977 

2-.57732 

339 

114921 

18-4120 

2-94965 

389 < 

451:121 

19-7231 

*2-67069 

340 

115600 

18-4391 

2-94118 

390 

152100 

19-7484 

2^56410 

341 

116281 

18-4062 

2-932.55 

391 

152881 

19-7737 

*2 * 

b42 

116*64 

18*4932 

2*^2398 

3&2 

163664 

19-7990 

2-55102 

343 

117649 

18*5503 

2-91545 

393 

154449 

19-8243* 

2-54453 

344 

118336 

18-5472 

2*90698 

394 

155236 

19-8494 

2*53807 

845 

11902S 

18-5742 

2*89855 

395 

156025 

19-8746 

2*53165 

346 

119716 

18-6011 

2*89017 

398 

156816 

19-8997 

2*52625 

347 

120409 

18*6279 

2*88184 

397 

157609 

49-9249 

2*518^ 

848 

121104 

18-6H8 

2*87.356 

398 

^58404 

19-9499 

2*51256 

349 

121801 

I8*68rJ 

2*86533 

399 

J59201 

19-9760 

2*50627 

880' 

122500 

Ip-7083 

2-85714 

-—-4 * 

400 

1 iboooo 

*20^000 

2*60000 










KQUAREB, SQUAfK^OOTS, 
i Recip. 

I j. ^ Jqqq^ 


No. Square. 

I 

401 I 16US01 

402 I 161001 

403 I 102100 

404 ; 16:i21G 

405 I 161025 

406 ' 164H06 
4ffi»’ Mj^OlO 
408 I 160161 
^09 i 1(;7281 

410 i iO.slOO 

411 ; 108021 

412 ; 100714 

413 ; 17(1.700 

414 ' lYiOUO 

415 i 17222.7 

416 I 17:{0.7(5 

417 17.5-i.v.l 

418 , 171721 

419 17.7.761 

420 176100 


j Squol'c 
I Root. 


AND REqiPRO(^LS-con«7u«3J. ’ 
I No’^! Sfluare ' • 

I ^ i Hoot. 1 1000. 


20-02.50 2-49.8^7 

20-0109 2-487#6 

20 0710 2-4Ki:i0 

20-000H 2-t75‘J^ 

20-1216 2«46914 

‘^A.1404 ‘i.uv.mn 


29-1404 

20-17-12 

20-1090 

2()-22.j7 

•20-2!s,7 


2-4tyi0d 

2-4.7700 

2.4.709S 

^■nm 

2- 1:5002 


20-27:51 2-- 1 : 1:100 

20 -297*i 2-427 111 

20-.-5221# 2 - 121:51 

20-3170 I 2-lJr)40 
20-^71.7 I 2-40964 
20 :;961 j 2-|(j:5M.5 
2 o-;2(m; j 2■:5l.•f^'^H 
20-11.5!) ! 2-o;»2:i-l 
20 - 16 , 1 .. I *-O.'-iiW 
1 20 4',':5:i I 2 -.On 197 

2-:577.’i} 


177:'11 I20-51M-; 


I7‘;r76 

1 sue, 2.7 

1 U 176 
1S2 52!) 
1.S.51.S1 
18-1011 
ll'JOTiO 

1(T.776] 

1-86621 

187189 

188:5.76 

18022,5 

100006 

100960 

191844 

IO 2 V 2 I 

49;tooo 

101181 
106:161 
1062-I9i 
107136 
108025 
198016 
199800 
200704 
201601 
202.500 


j 26-. 7 126 ^ 2-:56'J9T 
:2i')-.7!'V6 2-:5(i!ii7 

; ;7;IJ.5 ' ‘J-:5.7s 19 

:2i)-0l;7.) j 2-;5.72!)4 
i2(l-6:5‘.f8 !,2-111712 
I 26-0610 1 2-:5n'.i;! 
I.li)-()8S2 i 2 -:i: 5()4.7 
'20-7123 I 2-;5:ili'i) 
20-7;5(il 2-:52.778 


I .10 •6882 
j 20-7123 
!20-7361 

! 20 •760.7 
; 20-7846 
! 2ft-84*7 
I 26 ■8:527 
i 20-8,767 
' 2(%8^!)6 
20-901.5 
20-9284 

20 - 0 . 52:5 

20- 9762 

21 - 0000 
HI-02:38 
21-0476 
21-0713 
21-0950 
21-1187 
21-1424 
21-1660 
21■1896 
215 21112 


451! 3034 OI 

*21-*2:168 

i 2-21730 

482 1 204:-104 

‘21-2603 

2-21:1*9 

453 1 20520#., 

21-28l<8 

2.1„7;n 

454 i ‘206116 

1 21-:i67:4 

•2-2026-4 

485 |•*207023 

» ‘21 • f5:'.(57 

‘2-19780 

436 ! 2679:56 i 

• 21-:}.74*2 

2-19298 

457 ' ‘20SS49 : 

■21-S776 

2-18818 

458 ' 2(5',<761 : 

21 ■ 4(i()9 

2 -is:in 

459 . ‘2Ui6Hl ^ 

f 21-1*243 

. *2-! 7-86-7 

460 1 211600 

21-1176 

• 2-17:591 

4S1 • 212.521 

21--4709 

*2-1'.9*20 

462 1 *21:5444 

21-1912 

2-161.70 

463 2113(i9 

21-.7171 

2-J.7983 

464 , 21.529G 1 

21-.7107 

2- 1.5-517 

463 ' 216252.7 1 

21-.76:59 

2-1.50-j-l 

466 l'!fl.76 j 

21-5870 

•2-11592 

467.21SIIS9 1 

21•6.02 

; 2’-14l3:> 

468 5!liM)-2l 1 

21 -L-i!;: 

i 2 1,567,5, 

469 21'''.till 

21 

; iJ-1:5220 

470« ' 

,21-6/'.(■) 

. -i-]-.'?!!!) 

471 : 22i.sn 

21 70 J5 

1 2-!-_‘314 

472,222,.''! 1 

21■7276 

: 2-1 

473 , 

'.’1 ■ ri86 

‘J-ll 117^ 

474 ■ 

‘.M-7 71.7 

. 2-iu97] 

473 22.)f;2-7 j 

■21 -Yilii) 

! 2fcl''.5*26 

47u 2‘.;,'-.7i6 . 

■-■1 - sWl 

; *4-l0i'81 

477 ' 227.7-'',) ^ 

21 - .'-10-; 

2.6 ‘6-l.V 


473 •.‘2-HS5 ! i2 

479,229111 

4S0 2.5040(J I 2l-i)M-<0 


i2 ; 2-JJ20.. 
2l-.8'-ffl ’ !;■ 68768 


2•32010 
2-;5i iM-2 
2-:>(!017 
2-,30U.5 
2-20887 
2-26358 
2-2883;5 
2 •2.8.111 
2 -2W!!<J 
2-27273 

2-26757 
2-262 It 
2-2.77;)4 
2-25225 
2-24719 
2-24215 
2-2:i714 
2-2:1214 
2-5g717 
2*22222 


^81 2;-5i:56l ! 2L-'I317 

482 , 2.52:521* j 21-',1.7 1-7 

483 i 23.i::8 ) j 21-977.-1 

484 1 2;n2.'.6 I 22-oofto 
483 2;5.72V,;7 1 22-022 < 
4S6 '-i'liilOO 22-01)41 

487 ' 2.571(:-.l 22-Oi -’J 

488 I 2381 11 -22-0007 

433; 2.50121 22-11:53 

490 1210100 22-1.1,79 


2--,)8,5'5:5 

2-i)ri;o#- 
2 ■ 01460 
;Mi(0,7y 
2-06612 
2-0618(3 


22-01 )4«^2-0.7 761 
22-Oi -’J I 2-0.73.10 
22-0007 I 2-04018 
22-11:53 2-(!U99 

22-1.159 i 2■01082 


491 I SilOiR 22-J,5S5 1 2-03666 

492 1*412061 ■-i2-18ll t»2-0:}2^ 

493 1 24:)0']0 *22 ■ 2036 , «■ 02!J40 


494 i 2-440;-16 ! *22.-2*261 2-02 4*29 

493 1*24602,5 *22 ■2486 , 2-02020 

496 I ‘216(116 22 -2711 : 2 • 01613 

*497 1*247000 22-20.5;7 ^ *2 •01*207 

498 ' 248004 ,22-31-50 i 2-00803 

499 i *2-40001# 22-;53S:-l j 2-00404 

500 ‘2.50000 *2‘2-;5607 1 2-00000 


2-02 4*29 
2-02020 
2-01613 
■2 •01*207 






TABLE* 4t, 


8QUAHEB, SQUARE \100TS. AND REClPipCALS—(■onfniM«rf. 


' Q . ' Square I Recip. 

N o. Sqaare. ^ _ 

SOII2 SIQOI 22.»h:I 0 I I',!l9e01 as'l i .W:M01 2.1 4784 MHIH 

5l;2 L2r>*200^ 22-40454 I 1-99203 552 1:304704 213-4947 1-811<5S 

RAQ ‘"oc-iruth* ‘lO-a-i'. 7 ' 1 .(wunrr ana urkcijna i.ortu-iti 


Recip. 

X 1000. 


501 I 251Q01 
5l;2 L2r>200^ 
603 ."25:3009- 

504 I 2.‘>4016 ' 

505 I 255025 

506 : 2560:36 

507 : 257049 | 

508 258061 ; 

509 253)081 ' 

510 26(U00 ! 


511 

512 

513 

514 

515 

516 
5i% 

518 

519 

520 

521 

522 
‘523 
524 

■ 525 
526 
■627 
'528. 

529 

530 


2611-21 : 
262 U1 . 
20:3169 I 
201190 j 
' 265225 ■ 

. 26025(3 I 
„))72.S9 ' 
268:521 I 
. 269:361 ! 
270100 ' 

271141 ' 
27*2481 i 
27:-5-V29 i 
271576 ! 
275(325 
270(376 
2777*29 ■ 
,^2787.81 , 
2798 ir : 
' 280900 ; 

•281961 ’■ 
*28:3021 i 
, 284089 


‘285156 'I 
286*225 
I 287'2S:f5 
'■ *288369 
, 289411 
1 *290521 
j 291G00 

' 292681 
I 29?. 764 
294849 
i 2959:30 
; 297025 
298116 
; 299209 
300:304 
301401 
302500 


22-127 7 : 
■22-4499 ; 
22-47*22 : 
'2‘2-%;)44 I' 
'22-5107 ! 
2*2-.5.;189 i 
22-.5010 ! 
22 ■ 58.32 

•22 005:3 ' 
•22-6274 I 
22-6495 j 
22-6716 I 
22 (59:36 ■ 
‘22-7150 . 
22-7:370 . 
‘22-7590 i 
'22'7M16 i 
22-80:35 I 

22-8251 ! 
22-817.3 ■ 
22-8692 ; 
22-.8910 ! 
•22-9129 i 
22-9)517 

22- 9.'65 i 
, ‘22-97s;3 

I •2:1-01)00 ; 

; 2:1 •0217 i 

: . I 

! 2:3-01:51 i 
i ■2:3-00-)l j 
i 2:3-0808 
I 2:3-1084 

2:3-1:301 
•2:3 1517 

23- 17:8:3 
2:3 1948 
•2:3-2164 
23-•2379 


I-,99601 

1-99203 

1-98807 

1-98413 

l-f»H020 

1-97629 

1-97239 

1-968.50' 

1-96464 

1-96078 



1-95695 

1-95:31*2 

1 - 949:32 

1 - 945 . 5:3 

1-‘34175 
1-‘9:3798 
1-9.3424 
1-9:30,50 
1-92678 
1-9*^'308 

1-919:39 
l-'il.'i7l 
’ •91*205 
1■90810 
I■90470 
1-90114 
1 • 897.5:3 
1 ■ 89:594 
l-890;i6 
J-M8679 

1 •88:-l2l‘ 
1-87970 
1-8701:, 
1 • 872(56 

1- 86916 

2- 86.567 
1-86220 
1-85874 
1-8.5.529 
1-85185 

1-«484;3 
1;84502 
1-'84162 
1-8:3824 
1-83486 
1-83150 
1-82815 
1-82482 
1-82149 
■ 1-81818 


v* 

Scj^iiaro. 

Square 

Hoot. 

Recip. 

X 1000. 

.303601 

2:3-47:14 

1-81488 

304704 

2:3-4947 

1-811.59 

:305809 

2:3-,5160 

1-808:32 

.306916 

23-5372 

1■80505 

;3:)H025 

2,3-5.584 

1-80180 

5309136 

2.3-5797 

1 »7'.>856 

310*249 

23 (5008 

^ ntiH 

:3U:i64 

2:1 ■62*20 

1-79-211 

31*^481 

23 ■64:52 

1-78891 

31:3690 

23-661:3 

1 ■ 78.571 

:3U7*21 

23-68.54 

1 • 78-2.5:3 

.31.58.11 ^ 

2:3-70(5 5 

J■77936 

:-316961: 

23-7*270 

l-776‘20 

;31.S096 

‘2:}-71.'(7 

1-77.30-5 

:5192*25 

‘.1:3-7097 

1-7(5991 

;;20,i'i6 

2:3 ■ 790.S 

1■76078 

:32U.S9 

23-8118 

l-7(5:i()7 ■ 

:12‘J02 1 
:3-2:i7(U 

2;3-8:{-..;8 

1-700.50 i 

2:;-8.5:37 

1 • 7.5747 ■ 

;3*2490(( 

2:3-8747 

1 -7.54:39 

.•320041 

2.5 ■.89.5(5 

1- r.513l 

:i2718l 

•23-91(v„ 
2:3-(M?.! 

1 • 74.8-25 

:}28:32'.} 

L 74;5'2() 

32947(5 

■2:1-9-58:3 

1-71210 

:3;30(52.'5 

*23-9792 

1-7:391:5 1 

:3:3i’:7(j 

24-(1000 

1-7:3611 

:4;»2'.)‘2‘) 

•2 4 •0-208 

1-7.3:310 

3:M081 

24-0110 

1-7:5010 

.3:15241 

2 4-0(521 

1 •72712 

;‘:ioi()0 

24-0.s:5->‘ 

1-72414 

1 

: :i:rti'()i 

1 24-10:39 

I-72117^ 

1 :-}:{.S7*21 

' *2 4 -1-217 

1 ■ 718‘11 

1 .3:39889 

! *24‘-11.54 

1-71.527 

! 31105(5 

! •21-1601 

l-71‘23;i 

34222.5 

24-18(58 

1-70940 

.34:i;i9(5 

- *2 *-‘207 4 

1-70649 

:3-14569 

‘21 ■•2281 

!• 70358 

! :31.5744 

‘24 •■2487 

1-70068 


Wj .316921 

590 ' :)48100 

591 319281 
SJ2 :350164 

593 .351649 

594 35*28.36 
S93 354025 
598 :3.56216 
697 35fil0‘J 
598 i,■157604 
399 i,3.58801 
600 I :V60000 


21-269:3 

21-2899 

21-:}10.5 
24:):51i 
24-:i513 
24-.3721 
24-3926 
•24-41:31 
24-4:3:30 
21-4540 
24-474.5 
“2$-49 49 


l-6.t779 

1-69492 

i-oo-ios 

1-68919 

1-68634 

1-68:350 

1-68067 

1-67785 

1-67.504 

1-67224 

1-669-45 

1-66667 



Squares, sqit^e roots, and reciprocal H—continued- 


TAhLE ‘1, 


No. Square. 


Square 

Root. 


601 ! 

602 I 

603 I 

604 ' 
605; 
6M 
6OT' 
608 

609 

610 

611 
612 

613 

614 

615 

616 
617 
818 

619 

620 

621 
622 

623 

624 

625 

626 

627 

628 

629 

630 

■^81 , 
632 . 
633; 

634 i 

635 I 

636 I 

637 I 

638 ! 

639 

640 i 

641' 

642 

643 

644 

645 

646 

647 

648 

649 

650 


H61201 

362404 

$63609 

$64n16 

JOriO:?.") 

}67‘J;{6 

Ri«449 

I690()l 

»708S1 

$72100 

$73321 
$71.-) 14 
$7.)769 
$76i)06 
$7k22.) 
$7'.M.)6 

$«l'.)21 

$s3i(;i 

$S1400 

$S.-i6 11 

$SS129 

$89376 

$'1062.') 

$!Mk76 

$!)3J2<) 

$91384 


:$9690() 

$98101 
$9942-1 
400689 
■lOlOOO 
403225 
404490 
■405769 
■](171)4 4 
408321 
'8)9600 

4108S1 

41210.1 

413119* 

414736 

416025 

417316 

418009 

419904 

421201 

422500 


24 

24 

24 

24 

24 

2 \ 

24 

24 

24 

24 

21 

24 

24 

24 

24 

21 

24 

■Jl 

21 

24 

24 

21 

24 

24 
2--) 
2.5 

25 
25 
25 
25 

25 

25 

25 

25 

2.» 

25 

25 

25 

25 

25 

*25 

25 

25 

25 

25 

25 

25 

2| 

2.5 


51.);$ 

53.57 
5.561 
5764 
5907 
6171 
6371 
6577 
6779 
0$)82 

7lsi 
7:$S6 
75.8f 
7790 
4(992 
8193 I 
s",‘i5 i 

8 ■>()() i 

8797 I 

899,s I 

9109 4 
9;$99 ! 
9600 
9.S00 
0000 
0200 
0400 
0599 
0799 
099s 

1J97 

i;«)0 

li)‘.)5 

1791 

1992 

‘JI90 

2389 

2587 

2781 

2082 

3180 

3.377 

3.574 

3772 

3909 

4165 

•4362 

45.58 
4755 
4fl51 


Re^qi. 

■ 1000 . 

1-663*89 
l-661t:$ 
I ■ 058:^7 
1-65563 
1^65289 
1-6-5017 
1-64745 
1-64474 
4-64204 
l-63n:$4 

1 -63666 
1 63399 
1-63132 
1 -62806 
1 ■ 62602 
1 ■ 62.$3.8 
1 - 6207.5 
•! -01812 
l-Ol.-)--.! 
1-01^90 

i 6I().H 
1-60772 
1 -60.') 14 

f-602.-)6 

■GOOOO 
■ 5974-1 
■594',)0 
■59236 
5,8983 
■587:i0 


I No. . S,,uaro.-^ 

6B1 . 423,801 I 2.5--111? 

652 42-510 L I 2.5 -53 U 

653 I 42640lf ^ 25-.).y9 

A.m ' IC L 


S(inare Rceq). * 

■- 1000 . 


.58479 
58-228 
57978 
57729 
57180 
57233 
56986 
1-56740 
l-.)«fiai 
1-502,50 


5G00G 
55703 
,55521 
55280 
’5.5039 
54799 
54,-|60 
»43‘21 
1 J»08:J 
1-5.3846 


654 ' 427716 

655 ' 429025 


656 

657 

658 

659 

660 

661 ' 
662 

663 . 

664 

665 

666 

667 

668 
669 
670* 

671 

%72 

673 

674 

675 

676 

677 

678 

679 

680 

681 ' 
682 : 
983 ; 

684 I 

685 , 

686 I 

687 ‘ 

688 
689 


4:?0:$.$6 
4311)49 
432901 
134281 
13.5000 

136921 
438241 
4:19.509 
.440890 
112225 
14?5.5.50 
111S.S9 
410224 
117501 
11.89()« 

|.50-.»IJ 
4-51-581 


9 

t 25-,57:$I 
25-.59:$() 
•25-(kL2.5 
25-0:420 
■ 25-0515 


1 ■ .5:$610 
l-#:$374 
J ■.5.$J39 
1-.52905 
1-52072 
l-,521:$9 
I-.52207 
1-51976 


25-0710 0 1-5174.5 
25-0'.)05 I 1-51.515 


25 

25 

2.5 

25 


25 

25 

2,1 

•2-5 


- 1 


1-5 4270 
4.5.502-) 
1509f0 
l.58:;29 j 20 


S-}- 

2 .)- 

25- 

20 ’ 


890 I 

691 ! 

692 I 

693 I 

694 

695 ! 
.696 I 

697 I 

698 1 

699 


-MOuSl 

i<;ioji 

402400 

i0:i70i. 

405124 

4001.89 ! 

4078-50 

469225 

47«.590 

47196') 

■47:$:$ 4 4 

17472J 

176100 

577481 

-W8.S0i 

480219 

48io:$0 

483025 

484416 

485809 

487204 

488601’ 

490000 


2$) 

26 

20 


709'.) 
7291 
7488 
70.82 
7870 
8070 
8-2o:$ 
• 4.5/ 
,80.50 
-■811 

!)0;$7 

9230 

')122 

9015 

9808 

0(f)0 

0192 

o:$8^ 

0-570 

0768 


1-51280 
1-.510-57 
l-r)08;$0 
1-.50002 
l-.)0:$76 
-50150 
I ^ 114)25 
j 1-497(14 
i 1-49477 
! 1-49251 

: 1-49031 I 
I ]• -4,8810 4 
I 1 4,85.88 
I l-4.8:$08 

i 1-18118 

i f- 47929 
: ]-1771i;| 

! ] -4f49:$ 

! J -4727.5 
! 1-47059 


20 - 0'.)00 I 

26-1151 
20-1:-$^$ 
20-1-53 U 
26-1 725 


2G-19,r.l4«l 
20-21 7 
26 ■ i(ii)8 
20 - 21.88 
26-2079 


20-2809 
^()-.40,59 
20-.32-49 
26-3.439 
26-:3629 
2«-:$818 
26-4008 
t20-4197 i 
26-4:386 
20»457r» 


4C.H1T 

40028 

40113 

■46109 

45‘.)S-5 

4-577:$ 

45500 

1.5349 

■45138 

■44928 


.1-44718 


4450e* 
41:$00 
44092 
4:488.5 
■43678 
■4:4-472 
4:i267 
4306? 

■ 428-57 


3‘2,^ 




SyUAKES, { 

■ No. I Square. ' 

701 j"4ai401 
W2 I 492804 

703 r 4942{>J 

704 1 4?i.5r.l0' 

705 ; 497025 
708 i 19S1:J0 

707 ! ^99849 ' 

708 ■ 501204 

709 i 502081 

710 , -501100 

711 I 505521 

712 , 500914 

713 I 50h:{0!) 

714 ; 509796 
713 : 51]225 
716 ' 5i205G 

715 '*51 t(W9 
r. 718 51.V>2i 

719 , .UO'IOI 

720 . -518100 

' I 

721 -'19.811 

722 52i‘J8l 

* 723 522729 | 

724 ! 52i!70 

725 ■52.5t''j5 

726 -‘i270Tf).^ 
,727 -52S.529 

' 728.52998 1 

729 o.illl'i 

730 542900 


Sl^UABE ^lOOTS, 

■ Square , Kecip. 
Rt^t. I jx 1000. 

j 26-4764 V12050 
1 20-49.5;} 1-42450 

I 26-.5.1U 1-42248 

26- .5:130 i 1-42046 
26-ti5]H 1-'41844 


AND REClPflOCxVLS— continued, 

I Vrt j y..., Square Hecip. 

No.f' Squaic. , ^ 


5,51961 

.5;5.5.-!2-] 

5:i728*.» 

5;5875rt' 

5J0225 

541 If 90 

.5i.«ii;9 

.54lot I 

510121 

547600 

549081 

5.'5.)5(5J 

552019 

55:15:46 

555025 

.756510 

r>5.S009 

5.59.504 

561001 

502500 


I 26-6707. ‘1 
26-5895 ] 

26-608:4 1 

26-0271 1 

26-6158 1 

26-6616 1 
26-68.4:5 1 

26-7021 1 

26-7208 1 

20-739.5 ] 

26-7582 !-I 
2()-7709 1 1 
20-7905 1 

26 -si 12 1 

26- 8328 I 

I 20-8.511 1 

20-8701 1 

j 20J 
20-907-J 1 

20-92.58 1 

20 ■ 9 i 11, 1 

20-ltO >0 

20 -98jr» .i 1 

27- 6000 ] 

27 0185 I 

27-0:170 I 
27 - !).')';>.5 I 

27-0710 1 

27-0921 I 
27-1109 1 

27-129:1 ,1 
27-1177 1 

27-1602 1 

i 27-1810 J 

! 27-2029 1 


‘1-41613 
1-41443 
1-41243 
1-41014 
1 - 40815 


40647 

40449 

10253 

40056 

.■19860 

:5966.> 

;i9r(U 

3it276 

:i9082 

::sK80 

;i80;),) 

Of'.’iO 

:1m122 

.J7n:ii 

.17711 

::7552 

:)7.!63 

:1T174 

3t>y8*> 

:10T9*? 

:16012 

:)042i^ 

30210 

;i0O54 

.3.5870 

:1.50>S5 

;i-5.50I 

:55318 

.‘5513-5 


27-2213 
27-2:597 
27-‘26-80 
27-2764 
27-2047 
27-:il:io 
27- 3 : 11:4 
27-34;U) 
27-'!iU-79 
27-3861 


1-319 5 3 
I-34771 
1-34.590 
1-.34409 
l-;i-4228 
1-:14048 
1 -;i38iJlV 
I ■ 33090 
i:i;45ii 
1-3.1333 


564001 

50-5501 

667009 

568510 

670025 

571.5;)0 

.57;5()t9 

574561 

576081 

ohOOO 

579121 
580641 
.5!v>1<’0 
.58.3696 
5.S5225 
,586750 
.58S-2H',( 
589821 

.592iJ(iO 

-591111 
-5'.i.5'.i81 
597.5'29 
j.:-9076 
6(i') 62'5 
I•.0i^i70 
6,M52a 
, 60.5281 
, 0068 11 
, 00s100 


781 OOiiOOI 
7:J'l . 611.521^ 
7.S3 ’ 01:10.89 , 

784 i 6M65(1 ' 

785 I 0162-25 

786 ' 017796 ^ 

787 ' 619.109 : 
788; 6-20.) 11 
TSt ; 622.521 j 

790 I 621100 i 

791 I 625681 I 
D92 : 627261 

793 i 028849 

794 ' 6:i0436 

795 1 63202-5 

796 i 633616 

797 } 6:35209 
798^,0:16801 
7d9g 638lOl 
800 1 '-610000‘I 


-4044 

1- 

■4226 

1- 

•4408 

1- 

■1-591 

1- 

■ 477;i 

1- 

■ 49 . 5-3 

1- 

-,5136 

, ]■ 

-.5.318 

1- 

■ 5500 

1- 

■5681 

1- 

■ 5.86‘2 

1- 

■ 601:1 

1- 

■0225 

1 • 

■610.) 

1- 

■ 6586 

1- 

■6767 

1 ■ 

■6018 

1 ■ 

■7128 

! • 

• 7308 

1- 

■visrj 

1- 

• 766‘J 

1- 

■7„j9 

1- 

■.802‘.?> 

J ■ 

•8209 

1 . 

1 * 


1- 

- .■'-568 

1- 

■8717 

J- 

• 8{»27 

]• 

-0106 

1- 

•928-7 

1- 

■9161 

"1- 

■061;i 

1 - 

■081! 

1- 

■0000 

1- 

■0J79 

1- 

■ 11 . 5.57 

1- 

•05:1-5 

1- 

•0713 

1- 

•IISOI 

1- 

■ 1069 

1 - 

■1247 

1- 

«14;i.5 

1- 

■ 1693 

1- 

■ 17-80 

1- 

•1957 

1- 

■ 21.35 

1- 

• 2:412 

1- 

■2489 

1- 

•2666 

1- 

•2843 

1- 


32979 

:J2H02 

32626 

32450 

32275, 

r;«ioo 

:31926 

317.52 

31,579 

:i] 406 
31234 
:il062 
;j0>-^90 
30719 
:30.518 
:i0;tT>8 
302.i,8 
30039 
29870 

29702 

■JO.'j;!! 

29;166 

2i]J99 

2‘)o;;2 

2 , 8.866 

28700 

2853-5 

28370 

2820-5 

28041 

2787lf 

27714 

2755J 

27;J89 

27226 

27065 

■26901 

21174,1 

26582 

2»i422 

262C3 

26103 

25945 

25786 

25628 

2.5471 

2.5313 

25156 

26000 









SQUARES, 
No, I Square. 

801 641601 

802 6i;}204 

803 644800 

804 616416 

805 64A02.6 
• 8QjB 6406:)6 

807 6;/*210 

808 6'V2H64 

809 654181 

810 ! 656100 

811 i 657721 

812 i 650;)44 

813 I 660060 

814 ! 6(5250(i 

815 66 J 225 

816 6658561 

817 : 667IHO 

818 i 660121 

819 ■ 670761 

820 , 672400 

821 674041 

822 675(j^# 

823 ' 677620 

824 ' 678(176 

825 ' (':H0625 

826 I 682276. 

827 6s;}'.)2‘.) 

828 I (i8.).)Sl 

829 ! 6872,41 

830 i 688000 

^•831 ! 600561 

832 69222-1 

833 696880 

834 695556 

835 697225 

836 698806 

837 700569 

838 700244 

839 706921 

840 505000 

844 707281 

842 708964 

843 7100-liT 

844 712:1:36 

845 714025 

846 715716 

847 717409 

848 719104 

849 720801 
860 722500 


I _ .lAni.i!: A 

SQUARE ROOTS. AND REOIPROC^ T.S—' 


S<iuarti 
Root. ' 

Re^ip. 1 
X 1000. 1 

No. 

1 

Square.* 

Sijtiiire ; 
Kot)t. 

ilecip. *1 
1000. 

28-3019 1 

¥ 

1-24844 

881 

924201 

29-1719 i 

1-17.509 

28-:5l96 I 

l-24(«8 

882 

725904 

29-1890 
29-2gC2 1 

1-W371 

28:1.‘173 

1-24.5143 

883 

727009 • 

17233 

28-:55-19 

1-24:378 

884 

.729:516 

29-22:1:3 i 

1-17096 

28 :3725 

I*-21224 

853 

7:31025 

29-21(14 i 

1-16959 

28-:4901 

1-2*069 

856 j 

752736 

29-‘i575 1 

1-16822 

28-1077 

1-2:3916 

857 ; 

7:31419 

29-2740 j 

1-16686 

28-425:1 

1-2:3702 

858 

7313164 d 

29-2910 . 

1 ■ 165-50 

28-44-29 

•1 -2.3609 

889 

7;57SI31 ■ 

29-:3087 • 1-10114 

28-460.5 * 

1-2:34 57 

860 

739600 

29:3258 

1-16279 

28-4781 

28.49.)6 

1-2:3:305 

861 

741:521 

29:3428 

1-10144 

1-2:;15;3 

862 

71:3014 

29-;5.53)S 1 

1-16009 

28-5i:i(? 

1-2:3001 

863 

711769 

29 :5769 

1-15875 

! 28-.):io7 

1 -228-50 

864 

746196 

29-:i9:39 

1-15741 

1 28-^482 

1 -22091) 

863 

71M225 

29- 1109 

1-1.5007 

1 28-.5657 

1 •22.5 3‘.» 

866 

7ft)9.56 

25)-1279 

•l-15473 

28-58:32 

1 -22:599 

867 

7.516H9 

29- 1119 i 

1TU!540 

1 28-6007 

•1 -22249 

868 

7.5:5121 

29-lie 18 1 

1-1.5207 

i 28-6; 8-2 

1 -22100 

869 

755161 

29-478,8 I 

5 15075 

I 28-6:3-56 

1 -2^)51 

870" 

756080 

.29-1958 ' 

1-14943 

I 28-65:31, 

i 218t;3 

871 

75664 1 

29-5127 ; 

M1811 

1 28-6705 

l-21Ci5.} 

■872 

760:5K1 

29-.525)6 ' 

1-14679, 

! 28-6SM1 

1 ■21.507 

873 

7*521^9 

29--51(56 ' 

1-11-518 

28-70-51 

^ • 21 :!,59 

874 

76:5S76 

29-.5(j;55 

1-14416 

28•7228 

1-21212 

875 

7(55625 

■20-,5801 ' 

('11286 • 

28-7-302 

• 1■21005 

876 

767.476 

20 ■.547:5 ' 

T-111.5.5 

i 28-7-516 

1-20919 

877 

76912'.^ 

20-6112 

1■1402# 

1 28-7750 

1-2077.5 

878 

TTfliSSi , 

29-6:5^1 

1 .^.895 

I 28-7921 

] ■ 20627 

879 

772(3 31 

2'(.64 7 9 

1-1:3706 

28 - 81)97 

] -203.82 

880 

77110.1 

29■6618 

• 

1■13G36 

28-8-271 

1-20:5:57 

881 

7761(;i 

29-6816 

1-13507• 

‘^8-B«-ll 

1-20192 

882 

777924 

29■6985 

i-1:5379 

2H-#617 

1 - 20048 

^83 

779(if<9 

29-TV).) 

1 ■ 1:32-50 

28-8791 

l-]990t 

884 

79145(3 

29-7:321 

1-13122 

28-H964 

1 -19760 

888 

7R:5225 

29 7189 

1-1299-4 

2?)-!ll37 

1-19617 

886 

7*54996 

29-7-5-5fVj 

.,1-12867 

28-9:410 

1-19174 

887 

7H67C9 

29-7 25 

1-12740 

28-9182 

1-19:132 

1-FJ1I10 

888 

788541 

29-7993 

1 12613 

28-90-55 

889 

790:121 

29-8101 

1-12486 

28-9828 

1-19048 

890 

7921(M) 

29-8^29 

1■12360 

29-0000 

1 -18906 

891 

!*79:(881 

29-8196 

_ ] ■ 122:3:5 

*29-0172 

1-187*.) 

892 

•795661 

, -^O-KOOl f 1-1218§ 

29-0:345 

1 1-1.8624 

893 

797119 

29-88;;1 

•1-11982 

29-0517 

1 ■ l.S4.8i3 

894 

7992:3(5 

29-899.8 

1-11857 

29-0089 

1.18:34:1 

895 

801025 

29-9106 

1-11732 

29-0861 

1-1820.3 

896 

802816 

29-9:3:53 

1-11607 

29-lu;i:-3 

1*18061 

897 

804009 

29-9500 

1-11183 

29-1204 

1 •17925 

898 

806404 

29-9666 

1-11359 

M-1:376 

Vt7786 

899 

80H20f 

29-983.3 

1- 112afl5 

SM!5j48 

1■17647 


810000 

! 3(i-0000 

i l-lllll 






SQUARER, KQUAUE l^OOTS, AND RECrPIf)CALS-«ontwitted: 


'No. Square. 

, T 

901 I 811801 
9ft2 1,81.-3004 

903 : H15409'', 

904 i 817216 
903 I K1902.7 
900 : H208:-36 

907 ! 822019 

908 ; S24401 

909 j 826281 

910 . 828100 

911 ' 829921 

912 ! h:-31744 

913 , HH;5.')09 

914 H.'iri.-iOO 

915 8.1722.7 

916 ! 8:3??n.'56 
917'i SM0H8'.) 
:918 812721 

919 : 844'■.61 

920 I 816400 


Sq iiare 

Ro(^:. 

30-0167 
:i0'03;i;i 

iio-owib 

30-0666 


921; 

922 ' 

923 

924 
92.5 . 
926 : 
827 
923 i 

929 ' 

930 I 

'•iii' 

932 ! 

933 

934 
933 

936 

937 I 

938 i 

939 i 

940 I 


848?11 
8.70084 
8-71020 
8.7:3776 

817.762.7 
176 

8.70:<20 

86:ii)ll" 

864000 

866761 

888624 

870480 

872.3.56 

87422.7 
876if“iii 
877009 
879841 
881721 
883000 


941 I 885181 
9^2 Hs7Sfil 

943 H8S»-49 

944 ' 891136 
946 I 80.3025 

946 1 804916 

947 896809 

948 898704 
849 900601 
950 902500 


1828 
190:3 
21-70 
2:524 
2190 
20-7.7 
2820 
2085 
:31.70 
;V51.7( 

:54HO 

:504.7 

:5S00'-| 

:5{I71 

11:58 

4:!()2 ' 

1 0-,7 

4(i51 

470.7 

10-79 


Recip. 

X 1000. 

1«10988 
1■10865 
1-10742 
1-10010 
1 -10497 
f-1037.7 
1-102.74 
1-I0i:i2 
1-10011 
1-09890 

1-09769 
1-00640 
1 ■0;>.720 
1-09109 
1-00200 
1-00170 
1-090.7] 

1-080:52 
1-08814 
l-08,)96 

1-08.778 
1 -08100 
08312 
1 ■ (18227 
I-08108 
I-07001 
1-07877 
n-077.79 
1-0761:3 
1-07527 

1 - 07411 ! 

1-07296 
1-07181* 
1-07066 
1-060-72 
Jjf 06838 
1-00721 
!■06610 
1-06496 
1-0638:5 

1-(16270 
1-96157 
1-06045 
1-05932 
1-0.5820 
1-05708 
1-06597 
1-05-185 
1-05.374 
1-05263 


I No. j* Square, j 


Square , Recip. 
Root. : X 1000. 


904401 ' 
900:504 I 
908209 ' 
010116 ! 
9']2(]25 
oi;io:-56 
917.849 
017764 i 
9W081 i 
921(300 I 

02 : 3.721 1 

92.5144‘'; 
927:5(f9 j 
029296 ; 
0:3122.7 . 

51:3:31.70 1 

9:57080 ■ 
0:57021 ■ 

9:i8<»il 

OlOOUO 

042>V11 
011784 
040729 ‘ 
9i8676 ■ 
0500,2.7 1 
9.7‘A'*70 ' 
971.729 : 
970184 ' 
9.78111 ; 
960400 j 


,70-8.38.8 I 
;30-8545 j 
.80-8707 I 
:30-8.809 i 
:30-90-81 I 
3C^-9102 
:50- 9:354 
:50-9.716 
:30-0677 
:50-98:59 

31-0000 I 
31-0161 i 
;31-();522 i 
;5l-01.8:5 ' 
a1-0044 i 
:51-OS()5 i 
:5I-(I066 ■ 
;51- 1127 ' 
:-5] ■ 1288 ] 
31-1448 I 

:51-1009 j 
:31-1761^4 
:n-1929 ! 
■51-2(190 ' 
:51-22.70 ' 
:5i --Jiio ; 
:51-2-770 : 
:51-27.50 ! 
:51-2.890 L 
:5i-:io-70 I 


962:501 

901:524 

066289 

908256 

970225 

972190 

974169 

970144 

978121 

980100 

982081 

9H4061 

986049 

9880:56 

990025 

992016 

994009 

^>96004 

•9^8001 


I ;5i-:5209 I 
(, :5] -^:3.'569 j 
1^:51-:372H I 
I :51-:3688 i 
j 31-.3847 I 
I «'51» 4006 I 
.31. 1166 i 
.‘51-4:325 I 
31-4484 ; 
! 31-464:5 ! 

' ;51-4802 
31-4'J6(> 
31-511!> 
31-5278 
31-54:36 
31-6597 
31-5753 
31-5911 
31-6070 

ft * 


1-05152 
1-05042 
1-04932 
1-04822 
1-0-1712 
J ■()4()Q:5 
<!.-01703 
1-01.384 
1-04277 
1-04167 

1-04058 

l-0:’,9.7() 

1-0.5812 

1-03731 

1-0.3627 

1 - 0:5520 

1 - 0 : 511:3 

1 ■ o;3.-5()6 
1 -0:5199 
1-0.5093 

1-02987 
1 - 028.81 
1-0277.7 
1-02009 
1 -02761 
1-02 5.79 
l-(j2:57i 
1 -02249 
1■02117 
1-02011 

1-019:57 
1-01.83.3 
1-01729 
1 -01626 
1-01523 
1-01420 

1 - 01:317 

J-01215 
1-01112 
1-X,1U10 

1-00968 

1-00806 

1-00705 

I-OO 6 O 4 

1-0050.3 

1-00402 

1-00.301 

1-00200 

1-00100 








TABLES "fil AND 

TABLE 4a. 

f 

FOR TIIF APPLICATIOI^ OF TAJiLF 4 TO SQLwVRPlS 
OF NUMBERS tVITB FOU^.DIGim • * 

------•_ - _ • r _ 

Diff.for 1 = (2 X N>-f- 1 ! DiU foi’ fA- (l2xN)H-36 

• 2 =='(4 X N) SM 7*--(k4xN)F49 

•„ 3 - (6 X N) + 9 • „ „ 8 - (16XN)F(>4 

„ „ 4 - (8 X H) F H) ' „ „ \f ■ (18XN)4-81 

„ „ 5 -- (lOx-N) ! I 10 ---(20xN) -f 100 


N is the iiuuibSr lonneil of the first 3 followed by 0. 
ExAMi’LT:.--Squaie of 97iG 

• 9710“ -- 9JL284100 

Add for G 

(12 X 9710) -I- 36 - 110-V)G , 

9716“ ■ - 911 OOP,of) 

• • 

Alternatively the squarci of 9720 may be tiilioii, and the 
dil'forence-lior 4 jlcilucled. • • 


• TABLE 5. 

DECIMAL EQUIVALENTS OP Htfis. iGths ^nd 32nds'. 


Frictions. 

Dec'iuialh. j 

• 

FrtictioUH.* 

Decimals. 

•>_ 

iV 

J? i* -03120 

t -0620 

• -i 

• 

1 7 

■5 

• . -.53125 


•09375 


!l 

1 rt 

■.56-2r. 

A 


■125 


• ll 

•.V61I375 

'y 

TJ 2 

■15625 

.<! 


■625 

K 

1 0 


■187.5. • 



■65625 

• 

7 

Ua 

■21875 


] I 

1 v, 

•6875 

i: 

•25 


• .7 J 

•71875 

• ^-r 

■28125 » 


• • 

45 ,• 

s 

T1V 

• 

•3125 


•- r, 

•78125 

u 

■34375 


1 .t 

1 rt 

■8125 

.<1 

$ 

■375 



■84375 


1 3 
:1I5 

■ 406-25 

7 

7i 

■875 

7 

TF 

•437^ 


- <ifff 

■90625 

1 5 

•46§75 


1 a • 

•9375 • 



• 

.11 • 

3^ 

•96875 






TABLE 6. . 


--- --p-, ^ 

TABLE ,6. ' 

INCJIlES CONIi^KHTHI) to t;>kcimals of a too.t. 


o 


•JC 




to 


>o 


n 


CM 


f 0; 

>0 L- Cl ^ 

100 0 X cc 

(M '~1 X X ! 

\ rH 1 - -M^. 

1 r^^CM O'J 

!:■' "M L'- CO 

X 00 X '■-H 

0 -+* Cl rH i 

CO -0 -tl 30 

* >0 to 0 L- 

r.'- -Jj X Cl : 

7 r; oj 

Cl Cj Cl Cl 

Cl Cl Cl Cl 

Cl C. Cl Cl 

• ■ W 

• •* • • 

■ ■ • • 

■ • ■ • 1 

. 1 

0 1 - 

or to x- 

0 01 -J* X 3 

1 

do 0 01 ».7 

r? -M r?. 

CTi ^ r*^ 

i ?5 0 0 30 

3,0 -1 to !-■ - 

Cl 0 0 r 

r? crs -n Th 

■0 ‘6 to to* 

1 -- -/: X' Cl 

■/ /: "JO 

• . ^ 

X X X X 

X '/. X X 

X Cl :o Cl 1 

' 0 ' 7 ^ to 

X CC Ol 30 

I'- CTi CO 

lO Ol 3-3 i 

1 z> 0 0 >0 

0 -O ’-i to 

^ X Ol c-- 

Cl L- Cl X 1 

1 ‘O tO tO to 

L'- L* X X 

Cl Cl 0 0 

3—1 — Cl d 1 

' L- C- t>- 

1 ■„ :.. 

L;- r.;;- t> 

'r- 'r 9 ^ 

Xi X 'X X ! 

■ ■ • • 1 

O: —< eo 

lO t>- Cl »—1 

CO 30 X t) 

Cl 1 * 'X X 

yU —( I." CM 

!>■ I'M eo 

'X .CO X 

Cl -ti Cl 

: CO L" 'JO 

X 0. Cl 0 

.'O ^ —1 01 

71 CO “77 Hi 

xO <0 "JO JO 

•0 to to 1" 

1 - 1 - I.'- t- « L'- 1 - m- L- 

«i - . • . 

% • " " 

■ ■ « • 

■ ■ ■ “ 

00 >o t* 0 

-M -3 X X 

0 01 'X 

X C Cl 30 

TO T ^ 

”*3 CV 't* Cl 

•7 0 0 

>0 — x — 

XI i' 03 Ci 


01 co'.-o ~r 

^ >7 '7 

< 30 >0 ‘■O ‘Cl 

*>«i^ *>^ 

tC -C -O VO 

to 'P to to 

. --- ■" 

A -- 

f 

• -- - - — — . 

0 0» xri to 

X 0 tM 30 

L-~ Cl —1 CO 

«0 t" Cl r-l 

! 0 >ra 0 lO 

0 VO to 

• —I to 03't- 

■Cl t- Cl X 

! 0 0 —1 

01 01 CO np 

0 lO 

0 'X/- f.-^ 1 

>0 3.0 3 f% 30 ' 
• • ■ • 1 

1 ?; 30 >.'0 'O 

j 10 0 0 I'T' 

0 ‘C iC 0 

E'- Cl —' "VD 

30 t- Cl -H 

CO 3.0 X c; 

Cl -f to X i 

' 'O —' L- "M 

1 - Ol t'- CO 

X CO r Tj^ 

Hi C- Hi 

• - W-M 'M 00 

, CO '+ -t 3 30 

30 to ;z L- 

'X X Cl 

-H -t< 

■ .i 

Hi 

^ 

■-H 1 lt 1 -+( ■»*l 

30 3 .-^ t.~ (ll 

f 

<M -.C CC 

0 n '*+3 to 

X' 0 Cl 30 

oi’:i /. ■?o Cl 

-T* Cl n 

>C. 0 30 .0 

* 7 "-ili 

00 7 ^ 

‘7 0 

t- 'r X Cl 

Cl 0 0 —1 

00 CO tq CO 

CO ?? qp 

:p -■p cp 00 

07 Hi Hi Hi 

• ■ ■ • 1 

' 0 01 to* 

'X 0 -M >0 

c; — 00 / 

i 

30 t- 0 t-H 1 

i 0 'O 0 30 

0 CO —1 ip 
in- L' X K’ 

3-1 X 01 f->.‘ 

Cl L- Cl X 1 

. 3-0 0 VO to 

Cl 01 0 0 *' 

rH -H C 5 Cl 

; IT --i 01 Ol 

01 CM fM CM 

Ol Cl CO CO 

■tp cp cp cp 

et - Cl 00 

■0. L-- Cl -H 

CO 10 X 0 4 

ri H oD ! 
H 

S. 3 ..;^ ^ /^.-l 

l-S 01 1'- CO 

X CO X 

; -O l:~ 1 - X' 

X It 'Cl 0 

0 ’—1 >-H Cl 

Cl CO no 

i T* T* T T' 

--I — 01 

Cl Cl '^1 Cl 

Cl Cl d Cl 



* 


1 


■ 

1 no 3 f 7 > 1..- 0 

ei -h to X 

0 Cl -41 -d 

X 0 Cl 3.0 f. 

CO x; CO Cj 

Cl X* Cl 

*0 C ‘C 0 

3.0 -H x -H 

' X X Cl Cl 

0 H? *■*"* 

Cl CO CO -H 

30 10 X 

0000 

r-H —H 1-H '-M 

^ 1 —< 


- ■ ■ • 

« ■ « ■ 

^ • 

... . . 

« * 

C} -n^ 

x- 0 oi 3 .-n 

P- Cl r-( no 

>0 t-‘c 31 ^ 

*0 <0 lO 

0 to *-i -o 

^ X Cl t- 

Cl d X 

i J 

Cl CM CO --0 

•w}* -*+( 0 ifS 

1 r--^ 

' 0? ?9 

0000 

« ■ » • 

0 0 0 cp 

0 d 0 0 

■ • ■ • 


. o 

•' a 


«' 
(■ 






1 - 1 ^ tr.j: 
_ U_ 


-IM 
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Examples.-- 211; “ -2135 ft. -662(1. 



















TABLE 7 


TXBLE 7. 

FEJiT ANJ; INCITJ:N CO?iVHKTElJ TO DECLMALIi OF 

A CII.VIN (fid a.) 


'FK 


*' 

Ft. ('lmii)s 

Ft 

CliaiiJ.s 

Ft. . C’-hniii'..' 

Ft CliaiiiM. 

• 

‘ 1 

■oir>2 

0 

LI 1 -2121 

27 

■■1091 , 

40: -fioGJ 

• 

53 . -8030 

2 

•0303 

15 . -2273 

28 

i •4212 

41 ; -0212 

54 -8182 

3 

■01 Gf) 

Ifi ' •2^^4 

29 

: -4394 

42 -find! 

55 ; -8333 

4 

■OfiOfi 

17 ; -‘iG?!) 

30 

' -4545 

43 . -fioio 

50 . -8485 

5 

•075S 

18 i,-9727 

31 

i -4097 

44 • -Gfifi? 

57 ! -8030 

G 

•0909 

19 ; *2879 

32 

i -4848 

‘To 1 -6818 

58 ;*8I8R 

7 

•lOfil 

20 1 -3030 

.33 

; -5000 

40 ' -0970 

59 1 -SBO 

B 

•1212 

21 ; ■3182* 

31 

■5152 

47 ! -7121* 

60 1;9091 

9 

■1301 

22 : -3333 

35 

•530;i« 

48 i -7273 

fiJ j -9242 

10 

■lOir) 

23 ; -3485 

3? 

0 '“} lo-') 

49 ' ■';424 

02 ; •9391 

11 

■IfifiV, 

24 : -30:1!) 

37 

•5fi0fi 

50 1 -Tiwd 

(i3 ' -9545 . 

12 

■IBlS 

25 i -3788 ^ 

38, 

•575s 

^)l^-7727 

04 ' •9097 

13 

•1970 

20) ; -3939 

39 

•5909 

52 1 -7879 

05 ■ -9848 

« 



- _ a- 


■ 

-#j_ - 

1 • 


# 


1 

Ins. 1 ChaiuM. 

tliS. ' (,'lljlllis. 

■ 

; 

111'! 1 0111,111*=. 

-^7- 

til'.. CMiiiuis. 


1 

• 


m 


• 


1 , *0013 ' 

/ -0051 

,7 -0088 

10 ! -0120 


5 , -0063 

8 , -0101 

if; -0139 

3 ! -0038 

G ; -0070 

9 ■ -0111 

12 ; -0152 

‘ 

> • ! 

• 

^ « ) 


% • 

PjXAM^'TjK."- 9' 7" as (ItHiini.i] M' ii oliiiin .— 

9fi. --- 

ft 

+ 7 ins' ■ - 

• 14o:2 cliains. 


Tliis Table may be used fo convert Feet to Links by 

moving tbo decimal point^wo places ; tbu#:*— • 

. • 

5 feet = 7 -©S links. 














TAHLB H'. 


1 

'’V 

1 

or, 

11 

9!> 

2 « 

132 

' 

105 

3 

198 

3 ■ ■ 

231 

1 

204 


TABLE .8. 

cHAi5s'ri convj:kT(]:d to feet. 

i __ 


k I 

Qiainp. IVut- Clinius. { Ftt-l 


I 73 i.dSiS 
74 ; 4.SS4 


17 ' 31()ii 75. 4950 
■IS ’lEfis 70 ' 5010 


49 .-^231 77 5()Si> 

50 3300 7S . 51 IS 

51 ; 33t‘){; 79 : 5211 

52 ' 3432 MO 52MO 


Jj I 

() I 

I 


74 . 


303 
390 

•129 I 28 ! 1848 


‘726 

751^, 

792 


53 ‘ 349K Ml , 5346 
,'^1 : 3501 82 : 5112 


,55 3030 83 ; 6478 
50 ! 'i090 .St\ 1 5544 


57 ' 3VG2 85 ; 5010 , 

58 3828 80 ; 5070 

59 : 3891 87 ' 5742 

00 I 3900 SS ; 5808 

i 

01 ; 4020 89 1.5874 

02 ! 4092 90 1 5940* 

03 i 4J,^,M '■ 91 : 0000 

04 I 4224 92 1 6072 

I I 

65 ! 429ft 93 I 0138 

00 i 4350 94 j 0204 

r‘0V , 4422 95 I 0270 


924 42 ' 2772 70 4620 08 6408 
990 43 ! 2838 71 I 4080 99 0534 
1056 41 I 2904 72 ! 4752 100 6600 


• t 

This Table also serves to convert* Links. to«tFeet, thus 
* 5 links 3-30 feet. 
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TABLE 


. TABLES 9*AND 10. 

TABLE 10. 



1’jXAM 1’LK,--13 Minutes ^7 Seconds is -2167 i- -0131 

" of il ® ^ ^ 

■()759 Degree i0f)67 ^* 0092 or iO Minutes^33 Seconds. 
Table 9 also .serves to convert SecAids to decimals of a Minute. 






















TABLE ri; 


t 



A 


TABLE) 11. 


CUllVFiS IN DllGKKEft AND MfNUTES,CON VERTED 
TO"EADlUs'lN FEET'AND CHAINS. ^ ' 


1 

1 

r 1 

i; \nirs. 


J 

1 

« 1 

M 

JIAIJIL'.S. 


« 1 

' 



1 

iJ 

w 

<•-3 




^ 1 

a ' 


' 


tr 

Z 

1 




r't 

Vc ei. 


Ft. 

- 

. 

* 

I-Yfl. 


Ft. 

11 

• 

j 

5730 

H() 

54 

11 


499 

■ 7 

37 

, l' 

30 

3rt20 ' 

67 

58 



478 

■ 7 

16 

2 ' 

, 

* 

‘i865 , 

43 

27 

12 


459 

' 6 

63 

2 ' 

30 

2292r . 

•34 

■VS 



442 

' 6 

46 

3 


1910 

28 

62 

io 

an 

425 

6 

29 

. ^ : 

30 

1037 

24 

53 

14 


410 

f, 0 

14' 

4- ’ 


1433 

'21‘ 

47 

14 

,30 

396 

1 6 

0 

1 . 

30 

1274 

19 

20 

15 


3H.3 

i 5 

53 

h> 

!) 

f> 1 

.«ill4() 

.'7 

24 

15 

ao 

371 

5 

41 

: i 

30 

1042 

15 

52 

16 


359 

' 5 

29 



, 955* 

1'4 

31 

16 

■SI 

348 

, 5 

18 

1) ' 

30 

882 

13 

24 

17 


338 

• 5 

8 

7 ; 


819 

12 

27 . 

17 

30 

329 

‘V 

65 

"^7 ; 

30 

764 

ll 

88 

18 


320 

, 4 

56 - 

s ' 


717 

10 

57 • 

19 


',303 

4 

39 

« 

30, 

• /•r’ 

t)l 

10 

15 

20 


288 

i 4 

24 

0 


637 

9 

43 

22 


262 

; ^ 

64 

0 i 

^0* 

601 

9‘ 

10 

24 


*2*40 

; 3 

42 

10 ■ 


574 

8 

46 

26 


222 

■ 

24 

' U) ' 

30 

546 

8 

18 

AB' 


207 

, 3 

9 

11 ! 

1 

1 

1 

—r- 

—— 

622 

7 

60 

k 

30 

i 

! 

193 

■ — %— 

i 2* 

61 

■ 


Note .—The Defjree is the Measure of the Angle subtended 
by a 100 feet chord of the curve. 

t 

Rri'.E.—Ead. == 50 Sine ^ D"’. 

W 
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TABL13 


TABLE 12. #. / 

• f • 


MILKS PLR HorW L(,)i:)VAU-,NT*T() KLI/r VVAi 
• SI^CONi/anM) SKCXINDS PLUgLAMTIWi MILK. 






..— 


ptT 

S<>L')ii(ls i)er * 
1 niilo. 

# 

.Miles per 
linin'. 

I'A'i’t ' 

l«-i' 

Seconds p r 

1 mile. 

» 

Allies per 
hour. 

s'ccmul. 

• 

— . . t 


sec 011 ( 1 . 



11 

120 • 

7.V 

1 

73. , 

18 

. 50 , 

lA 

90 

10 

77 

17-1 

• 

IS 

. 72 


(SI 

16^4 

0-') • 

22 

, 60 ; 

!5 

: 

15-7 

• 57:'. 

20 

51" 4 1 

17^ 

•ss •; 

• 15 

6(1 

. 29 

45 i 

20 • 

92 ! 

14-4 

m 

33 

37 

i • 40 1 

30 ; 

i>Ol. 

‘2 

. 25 

' * 95 .! 

9(J *! 

13-8 

13-3 

65 • 
67 

10 

32-7 ' 

27i 

103 i 

12-9 

.70 . 

4t 

i 30 

. 30 

106 V 

12 -I-* 

•• J:ii 

48 

i 27-7 ; 

32-1 

HinM 

• 12 

75 : 

51 

; 25-7 i 

35 

111 

•HO* 

"/Ti- ■ 

55 

* 21 

37 A 

117 i 

11-2 


59* 

22-5 

10 

* 121 ; 

10-9 

B 25 , 

• 62 

! 21 - 2 , ■ 

42,^ 

125 ! 

* 10-6 

85 

66 

26 • ' 

45 

• 128 i 

10-3. 

Lir- 1 

812 

70 

19 

47 .^ 

132 : 

10 

90 M 


- —L 


- • - 

• 

—— ^9 

f . C - . 


RuJjKS. —Alilos por lioiiv 900seconds fer 1 iriilo ^ 
• Do. ' Feet per second X L} / 

EXAA^PUi.-- If a trai(% truivels GO R. in 1 se«jnd; 
altei’native?y, if it takes 20 seconds to travel } mile, ^hen the 
speed is 45 miles per hour. 







TABLE 16. 


t 


‘ TABLE 13. « 

, CURVED,RULERS FOR VARIOUS SCALES. 

E*XAMPLK,.—A curve of 12 chains fadius will need tlie curved ruler 


No» 19 when the Kcalc of the i^lnn is 41 - fid ft- to an iuc.h. 


Rad.'i 

Rad. V 


Scales. I'eet to 

in inch. 


Chs. 1 

f 

Feet. 


20-1 

" ■?'> 1 

“40 i 

n'66' 

60 i208-3;i 

1 : 

66 

.16.^* 

8+1 

‘ 3+; 

—! 

1 

— 



2 ■ 

132 

33 

J64' 

6 + 

' 4i 

3+-' 

— 

— 

t 

3 , 

IDS. 

50 

24|1 

10 ' 

6 i 

3 ' 

4?- 

3+ 

1 , 

4; 

21)4 

66 

33 ; 

13 + 

8 -+i 

6 ^* 

0 + 

4* 

1+1 

3 ! 

330 

82 

41 

i6i 

11 . 

8 + 

8 

3+ 

U i 

6 ' 

396 

99 

50 ; 

I9i| 

13+ 

10 

*9+ 

6 * 

1 

7 ^ 

462 

113 

38 1 

23 : 

154i 

11 + 

*11 

7?, 

2 + ! 

H 

528 

132 

66 ; 

26i 

17i 

13+ 

12 ? 

8 ?: 

2 *: 

1 ) . 

ft94 

148 

71 i 

29 ^ 

19:?; 

14?, 

Mf 

10 

2? 1 

lO-- 660 

163 

82 , 

33 ' 

22 ' 

16+' 

15? 

11 

3+ ; 

f IL 

726 

ksi 

91 . 

36 

24 i- 

ISft 

17.+ 

12 

3+ : 

12 

V92 

198 

99 : 

39^ 

26i 

19?' 

19 

13+ 

3? ' 

13 

S5H 

214 ' 

10‘7 , 

^3 

28+' 

21.V, 

20* 

14+ 

4 

14 : 

924 

231 

U5 i 

46 

.31* 

23 - 

22+ 

15* 

4* : 

' 13 

990 

247 

m ; 

, 30 ! 

33 i 

24? 

23? 

16.*‘ 

M? ; 

16 

1056 

264 

132 : 

33 i 

35 ! 

26+ 

23i 

17* 

5 

17 

'1122 

28(i 

110 ; 

36 

38 

28 ' 

27 

18? 

5* i 

.-IH t 

flHH 297 

148 

60 

10 

30'' 

28.* 

19? 

5? ; 


31.3 

^ 37 * 

63 

42 

31.+ 

30 

21 

6 : 

■ 2’0 

1320* 

330 

‘163 

66 

44 

38 : 

31* 

22 

. ! 

21i 

1419 

335. 

177 

71 

47 

33+ 

34 

23? 

0 ii' i 

•33 

1318 

379 

190 

70 

"50 

38 i 

3<)* 

23+ 

7^! 

23 

1630 

412 

200 

82 

33 

i 

30* 

, .27i 

8 

27 

1782 

‘ 445 

223 

89 

•'59 

44 i 

43 

: 30 

8+ 

" 30 

1980 

495 

247 

99 

66 

50 i 

47* 

, 33 , 

9* 

33 

231.') 

377 

289 

.115 

77 

58 i 

53 

H.38*; 

11 

40 

2640 

660 

330 

132 

88 

66 : 

63 

i ‘ 

12? 

. 43 

2970 

V42 

371 

148 

99. 

e74 : 

71 

i 50 i 

1*1+ 

U) 

3300 

j 823 

412 

165 

Il6 

82 ! 

79 

1 53 : 

16 . 

60 

39601 990 

|495 

198 

132 

99; 

95 

: 66 : 

19 

•;o 

41^2011155 

1577 

^31 

164r 

113 , 

111 

; 7^ 1 

2-2} 

HO 

6*28011320 

jG60 

264 

176 

132 , 

127 

; 88 ‘ 

25+ 

100 

6600 

;1650 

[825 

330 

220 

165 1 

158 

110 ! 

32 


No. of Curved ruler Radius in feet Feet to an inch of scale. 

For 66' to 1* scale; No. of curwd ruler • No of chains radius. 

For SS'to 1“ scale; ,, „ „ - Twice ,, 

I For 10' to 1* scaief.. ^ No. of feet radius -r- 10. 

This Table applies to rulers which are* numbeiet? with their actual 
radius in inches. *■ 

336 









• JL . ■ . ■ ?I’ABLE 14. 

* ■ “.“V 

TABLE U. • 

f 

■ RADIUS OF CURVES FROM VERSED SINES MEA^RED. 

ON 06 ^"EET CHORDS. . » 


ItuJe. —If Vi is the VtirBed sine aioasTired on a 3^t. chom, thtt radius will 
be that given boluw f®r 4 time* V,. 


Vers. 

sine. 

l^diuB. 

Kacliiia. 

Verfl. 

auie. 

Hi^dins 

Kadnl^.. 

V'erS 

sine. 

Rad 

j Radius. 

ins. 

feet. 

C'luis 

ft. 

r jn-^. 

feet. 

i;hlH. it. ; 

ms. 

fW 

cliB. ft. 

1 

4 

2()13t> 

306 

• 

5 

1307 

.19 

19 

53 

10 

654 

9 

60 

1. 

13068 

108 

• ■ ■ 

1 

K 

1275 

21 


638 

9 

41 

i 

8712 

132 

• 

j 

4 

1215 

18 

57 

-L_ 

623 

9 

29 

1 

0531 

00 


Ap 

pf 

s 

1216 

18 

28 

ii 

4 

008 

9 

14 

1 

K 

5808 

8.^ 

• ■ • 

a 

1188 

18 


11 

594 

9 

... 

1 . 

V 

5227 

70 

13 

s 

1162 

IT 

40 


581* 

8 

5,3’ 

H 

H 

4752 

72 


,< 

\ 

1137 

17 

15 

4 

569 

I 4 


1 

4356 

66 

• • a 

» 7 

s 

1112 

16 

56 

f 

557. 

8 

29 

"> 

H 

4021 

60 

01 

6 

1089 • 

16 

.33 , 

12 

545 

H 

17 

•,i 

4 

3734 

66 

38 

1 • 

S 

J()67 

16 

11 

i 

534 

8 

6 

• 7 

H 


52 

5J 

X 

1046 . 

15 

56 

;5 

H 

.528 

a 


2 

3?67 

40 

33 


1025 

If) 

•:35 

l_ 

.523 

7 

61 

1 

3075 

46 

39 

. 

• h 

1006 

15 

J6 

a 

4 

513 

7 

51 

i 

2004 

44 

. p • 


987 

14 

.63 

13 Ui03. 

7 

41* 

h 

2751 

41 

45 

, 

1- 

968 

14 

4i 

.[ 

491 

7 

S2 


2613 

39 

30 

7 

ff 

950 

14» 

2(i 

1 

185 

k7- Jaj 


2480 

37 

47 

7 

933 

14 

9 

3 

$ 

476 

7 

14 

1 

J2376 

36 

a . ■ 

1 

S 

917 

13 

59 

.11 

467 

7 

5 

7 

► ¥ 

2273 

34 

29 

1 

4 

901 

13 

4.3 

1 

H 

463 

7 


3 

2178 

63, 

• 

a 

ff 

8^> 

13 

28 


459 

6 



2091 

31 

* 45 


871 

13 

13 

1 

•4^1 

6 

05. 

i 

2011 

30 

31 


857 

12 

65 

a 

4 

414 

6 

48 

3 

¥ 

1936 

i?9* 22 

A 

■t 

843 

If 

51 

15 

ibet 

6 



1867 

28 

19 

7 

A 

830 

12 

38 

I- 

429 

6 

33 

H 

f803 

27 

21 

8 • 

•,H17 

12 

25 

422 

6 

m 

i 4 1742 

26 

26 


792 

12 


5 

4 

416 

6 

7 

¥ 

1686 

25 

36 


^769 

11 

43 

16 

409 

G 

13 

4 

16:43 

•24 

49 

a 

4 

'747 

U 

21 


30?' 

6 

•1 


15hft 

24 


9 

726 

11 

... 

17 

385* 

5 

55 

i 

1538 

23 

20 

i 

707 

10 

47 

i 

374 

5 

44 


1 1494 

22 

42 


688 

10 

28 

18 

364 

5 

34 


1 1452 

22 

... 

a 

4 

6 TI 

10 

11 

h 

3.54 

5 

24 

n 

¥ 

1 1413 

21 

27 

Jiihe 

—Radius in feet • 

19 

345 

5 

15 

3 

♦ 

7 

! 1376 
' 1341 

20 

20 

.56 

21 

• V 

(65:J4~VJ + J feet. 

i 

20 

336 
' 328 

5 

'14 

6 

64 















TABLE Iff. ■ 




• TABLE 1*5. 

« 


•U.\D1HR OF CVRWEfi FilOM VKRSED SINES 

• ^iV'Asri|{]‘:o ON 3 :j feet chobds. 

c • 


Vers. 

sine. 

' Kail. , 

1 

'ilail.* 

Ver.-i! 
si no. 

Had. 


v' nrs., 
nine. ] 

t 

Rad. 

Jilad « j* 

Ills. 

. fi el. 

chs 

. It.*' 

ins. 

leot. 

ch 

.. ft, 

33 

IDS. 

feet. 

clis 

■ft. 

3 

! ."ilo 

H 

17 

5i 

,207 

1 

'9 

182 

2 

50 

1 

A 

: o23 

7 

GL 

«4 

2!)0 

4 

2G 

A 

172 

2 

40 

J 

4 

■ rj03 

7 

41 

t 

2S1 

1 

2(1 

'lO 

161 

2 

32 

> 

-1.^-1 

7 

22 

7 

270 

1 

13 

4< 

V 

15G 

2 

24 

i 

^07 

7 


6 

'2TJ.\ 

1 

8!^ 

11 

1 )9 

2 

17 

VI 

; \fA 

0 

•Oo 

1 

M 

2(57 

• 

1 

• 

.1 

1 

113 

2 

11 

•> 

1 

' 13(5 

6 

40 

1 

J 

2(52 

3 

I 

' 64 

12 

137 

2 

5 

• 1 

i 422 

' 

f) 

26 

M 

« 

2o(l4 

3- 

o84 

4 

131 • 

1 

65 

i 1 

' lOS 

« 

G 

12 

1 

2 

2o2 

3 

54* 

13 

126 

1 

GO 

1 


•r, 

1 

■ ■ I 

‘-4 

247 

3 

49 . 

i 

o 

122 

1 

56 

n 

i • . w 

1 

i-ist 

.''i 

oU 

« 

213 

•■i 

46 

14 

117 

1 

51 

<• 

’ 

1 M 

: 373 


13 

t 

238 

3 

40 

h 

113 

'1 

47 


■ 303 

5 

33 

7 

€1 

231 

3 

36 

15 

110 

1 

44 41 

• "I 

• 3o3 

ij 

■23 

L 

1 

22ff- 

.-i 

28 

l‘> 

1*03 

1 

37 

+ 

: 3t4' 

■j 

14 

1 

n 

‘218 

3 

20 

17 

97 

1 

31 

7 

h 

; IVK 

0 

“) 

.1* 

4 

211 

3 

13 

« 

18 

fi 

92 

1 

26 


327 

4 

' 63 

8 

20y 

?• 

* 7 

19 

87 

‘i 

21 


3J9 

4 

1)6 

1 

1 

198 

c 

3 

. . . 

20 

r:.)i 
^ «> 

1 * 

16| 


; 3^^ 

4 

n 

1 

2 

< 19.3 


61 

22 

TO. 

1 

• 

9 

A 

' 304 

' 

4 

in 

i 

187 

2 

65 

24 

2G 

69* 

64 

1 

3 









• • • 

■ * ■ 

HULE.----Eacliu3 in feet 

t 



28 

69| 

• ■ • 


i 



(1633^0 V") -f 

V * 

1 feefiJt, 

- ■ T 

30. 

..37 

... 

... 


.338 




* ■ t • ■ TABLE 16. 

. • _ J ■ __ - 

't .• 

TABLE 16. • 

• • 

VERSED S1N]-^.S A OFl?'SETS ON VARIOrS CftORDS 
FOR CURVES OF G1VE:^^RAD1^. • " 

(For seltinj out citrret. h, r>lui<! riiils. mca^iirhi ) or^rf.in'r- of vfhirn'S, ctr.} 

. • • . _ . 

V- Versed Sme • ^ ' 

/IB'BC-CG-CF^ Sub chord '',n Of 

- Halt-chord \c 


A''U's. —'I’lii! Xlts'.iI .1 11-s 111 llic ni-arest i". 

]L'ln\v til* ilMt'h linos it iinikcH ni^cliftcrf'in'o to Hir* A', wlioliirtr 
AC (>r IS L.ilton us Llic ti'.od lo!!'j'.li. "» 

Tin* Sni) I'liortl'' 'ii Hie last oolmiin ni'f lo tiio iicar'-st R. ^ 
Tliu Half Clio.iPjlH'.i .s V' Ii.s tli.u- I’.c iiPol-ico jufirkctl 

,{ ' li'.-is lit +, anil i,“ I*'"' at i ^ ^ 

Tho Yi'isijil-liiieis Mil \^s till ‘•i)iiiii*'(if the i ‘ir.l. 

, Veiit'il Mirftus ti'.ln'i’ It’iiLil'.s -MU' inay easily Ins 

_fdi)toii'Oil. for e.Minipie: ■ • * , 

T for lii;' } Ilf Han f-n ) '!•': \ fdl- .ilf i.l llial f-n 'iOO': etc. 


Urnlius. 


\'c‘rs. sines iliK) or otfsi.-ts (DC) in fi’et aiifl 

ir.»'lK\i for leiif^tlis AU#’ .if : -* ^ • •ViV/n 

• , (DCi) 



(CtMltlllHCd.) 
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TABLE l6. —cojitinucdS 









f 
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TABLE 17. 


TABLE 17. '• 

• • 

DECKEASE IN LENGTH OE INNlilE RAIL 

CCRVE^. (iuugo4r.8^" f , 

Rules Foii 30'hAiLs>- • * 

* • * • * 

limlius in foul Donrcaso^n indies. 

^oeroa^o in indies " lOOo Radius in foot. 

,, 2.rG8 Radius in cliatiis. 

.Wtis.—TJic fl<‘cri’iihps for l.'i'and fiO*rail.s art' I.A and 2 timea tliosc 
fur ;il)' rails. liecaiiiSL'. Jocii’iise is jjvojx'rlirnml U» rail length. 

1 >« orciiscs for r>tl!^i' ;.,Mia'<s niiiy no tdjlaiiic.l ’ny nnilliplynii^ llu- 
dcrrivisi-s for [' S-i" by li^iiivs m r-ibl' 20; thus with hanie ra<lius, 
dorroii'^e for ."i' :{" f{{ingp i'> 111 loot's that for 1' .s^* oaiiqc. 


Kcfcr also 


to 'I'abie 17:i 


IbidiiK. 


rail. 1 

Itnduiri 

■ • : 

Onti'v rad. * 

• 

lOt'i 

(.'Its, 

ft. 


• 

1 


I'll'*, 

, ft. 


l.V 

• 



• ins. 


Tiis, 

1 • 



ins. ' 

ins. 


•205 

30 

1 

A 

■ 

ft 

1 

J </ 

561i » 

8 

37 : 

3 

44 • 

fiT.sO 

102 

48 

•t 


ft 

s 

f. 12 

8 

I 'l ; 

1 ' 
H 

\h 

-ir)20 
3390 . 

G8 

51 

3ii 

24 

n 

A 

1 

1 

«l 

1 u 

522 ; 
502 ^ 

7 

7 

(If) , 1 ' 

40 • 

• 7 

.5.C 

J ''A 

2712 ; 

■11 

G 

/i 

M 

1 

1 .. 

1 i'> 

HU 

r 

22 i 

i-.il 

2200 ■ 

31 

IG 

• :/ 

* 

n- 

1 G'S 

7* 

G : 

• » 

H 

1 (t 

1937 r 

29 

23 

7 

‘ H 

1 

1 

r 

452 

0 

50 1 

A 

h 

.1099 1 

25 

45 

' 1 

i 

137 , 

G 

’41 ' 

7 


1507 1 

22 


1 

s 


1 1 

1 ti 

121 ' 

r; 

28 i 

4 

, 0 

135() ! 

20* 

m 

' i 

1 

■2* 

111 ' 

G 

15 1 

r ^ 

1 .1 

1 11> 

1233 ! 

ItS 

■45 

' ii- 

1 

1 

2-L 

3 

399 , 

G 

3 i 

•J 1 

• L 

4 

!> 

(i 

1130 ' 



' i 


t 

I. 

t 

387 ; 

5 

57 ' 

•.i. 

It 

K. 

1013 ' 

15* 

53 

.-f 

A 

1 

1 

J 

1 h 

370 1 

5 

40 

h 

1 ^ 

908,: 

M 

44 

J 

> 

1 

5 

3GG I 

5 

3G« 

1 z 

< ■» 

1 1 ■■> 

if 

904 1 

13 

40 

7 

H 

« 

• ’ 

Wil 

3 

357 i 

5 

27 

s 

4 

8f7 I 

12 

55 

2 


348 1 

IV 

0 

18 

7 

fi 

.798 i 

12 

<; 

L 

y 


"s 

3!t}9 ' 

5 

9 

5 

! K 

753 ! 


27 


1 

323 i 

4 

• 59 

i. 

i t 

.714 ! 

10 

54 

: 1 

1 

0 

Ifl 

308 i 

1 

44 



678 ' 

10 

18 

1 i 

! 

a 

t 

295 ' 

4 

31 

.a 

4 

i ^ 

64G 1 

9 

52 

' 1 

1 

1 

1 .'! 

1 A 

282 1 

4 

18 

0 

i 9 

616 : 

9 

22 

i 

j 

• • 

271 ! 

4 

1 

i 

i . ^ 

590 j 

8 

62 

i 1 

1 

I* 

I’fe 

261 i 

1 

% 

*03 ! 

1 

i 

i 4 • 


I 


fronthtmti.) 

341 



■ TABLE 17a. ‘ 


B LE 17— eon^ti nued. 


% 

Bailins. 

« 

1 

\i 

()ijtllr Hail. 

Ilia 

• 

Cllltn. 

1 

1 

i 

1 

1 

Outer Hail. 

f%’C 1. 

elms. 

0.' 

1 

1 

1 

■ ^.5' 

1 

feel., ' 

a 

« 

fhijs. 

1 

H 

• 111)' 

1 

l.v 

; fl 

1 



ina 

1 ins. 



1 

1 

ins. 

1 ins. 

251 

3« 

53 

Gi 

lOi 

178 

9 

4G: 


. 141 

242 

3 

44 : 

7 


174 

2 * 

42 

i 

' 

234 

3 

3G ; 

i 

T 

■ff 

169 

2 


10 

I 

22G 

3 

28 i 


IH 

k 

165 

2 

,* 

i 

! i 

219 

1 3 

21 

il 

4 

161 

2 

29 


i3 

' 4 

2J2 

1 3 

14 

8 

12 

158 

2 

26 j 

.a 

i 16]^ 

• 205 1 3 

7 

i 

• 7 

K 

154 

2 

22 ^ 

11 

■ i 

.199 ! 

i 3 

1. 


i ^ 

1 *1 

151 

2 

19 

-L 

-t 

! 7 

1 H 

194 i 

i 2 

G2 *1 

i 

4 

13i- 

147 1 

i 2 

15 i 


: m 

188 

; 2 

5G ! 

u . 

1. 

111 

2 

12 > 

Ji 


183 

i 2 

51 ; 

1 

i 

7 

F 

. 

uf 

• 

• 

2 

• 

9 

1 

12 " 

18 

1 

j • 


: * * TABLE 17a. 

DECKIOAK]-’ IN LENGTH OF INNi'lR RAIL ON CFRVES. 
^ FROM VERSED SINE (V) ON RAIL LENGTH. 

/ < .1 ' i_. 1^ 




ft- “ 

1 \ :i0 


Gau^'o 4' Hi". t • 

• • 

^ Decrease of Innjr JR,ail. 

V X or say V X 


V X l-;il 

V X 1-047 

V X , -837 


^ X J i t 

• . 

V x*l.An . 

V x ii 


V X .G2? „ V X ^ 
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• TABLti 18. . 

TriEORETICA[j SUPER-KLI?VAT[0N/ . 

Gaiigfl 4' 8|''. Centre to Centre of rails 4',!]". 

RuiJi.VO -0(1 X »-• / 

^ K - 

V V'^locitA' in miles pov^iour, 
li ' Hiulitis f»f (‘mvo in eliains* 
o Siiper-(‘le\Mt ion in Inehos. 



I 


_ _ _ .' 5^1 -Jj! «iii n. ■ I _ I . _ .17 

'isJllW 4”'nt '4~i "|j3 ‘2ir% '"'i 


icriar 


”25 

\i&m 

2 

281 


1 1 14' 

2^1 

3 

32 

;jo 

1980 

2 

Tfc 


; 3 14 

13 

2.J 



:2:}10 

2 

2ii 


■' 1 

1 ^ ’ 

14 

2i, 

23 

to 

12645" 

2 

10' 



n 

n\ 

23 

50 j*J00 

1 

41 

2 

1 . V 

n 


12 

60 

|:}960 

1 

27 

\k 

: \ ! 

s 


IS 

70 

j4620 

1 

14; 

"h 

■ 1 
’ 1 

3 

1 

n 

80 

I528O" 

1 

5: 

1 

14 

; 1 1 


i 

n 

100 

16600 

\ 

0 

52i 

1 

i ' ' 

f 

1 


.. M_ 


! 



—— 

1'~13 "J 


The Super-elevation (e) decreases proportionally to the iucrefiseof radius, 
thus for 120 dsns, radius ®wiU be one baif th(^ for 60 cbns. radiU3.^tc. 
Tor f^cuenil as fcj'Super-elevatioii, see Chapter IX, 

* Keuommen led with first class traA in good condition. 
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TABLES AND 20 . 


* • • 

TABLE HQ. 

FOR OBTAINING PRACTICAL strpER-ELEVAT]ON, AFTER 
* * THE THEORETICAL ELEVATION HAS BEEN 
, \ TAAeN FROM ffABLE 18 . 

(Ag suggested in'Chap. IX.) (Practieti^ -- 5 of Theoretical.) 


Theoretical, ' ^ • 

Elevation. I U IJ lij 4 U 1H ^ 21 

SuggeHte(f! ' , 

Elevation. U H 444 H 4' ^ 


Theoretical Hr-s. t 

Elevation ;) iK ?*,J .‘V; .‘4 -I U'-H I'; \ 

Sugge6te<i • 

Elevation. 4 ^ 2 2i !>-} 2\ 2a ‘iij 2’- 2^ 2^ 2^ 2? 2- il .‘i 


Theoretical • 

Elevatioh r> r>i .")} oij .‘i.l 04 oij’ ,VJ (» ()i (it (ijj (IJ ()} fia G-^ 

• * * # 

Sugge.^sted 

Elevation. , ,‘4 Ml MJ .‘4 1^- 4 4Mi 4J 4^ 


Note .—To lind Huper-elevatiou for ether gauges, mtiltiply tlw elevation 
for 4' s.l" gauge, by figures in Tabic '20. , 


. TABi.£ 20 . *. • 

PEOPijRTlON OF VARIOUS GAUOES TO 1 ' Hi" 

(For applying Tallies 17, is iiiul 19 to olbfr f-aiiges. 


h'v 

Gauge. 

• ^Multiplier. • 


ft. ins. 

t 

• 


5 G i 

• 117 or li 

.Approximate. 

•• 

6^ 3 ,! 

. I ll „ 4. 



3* G 

•74 i 

• 

•» 


3 3^ 

•70 

n 


3 0 

■04 „ ^ 

9 ) 


2 6 

■313 „ 1 


• 

i 11# •!« 

■42 ., ,i| 

11 


head vvies in proportion to the Gauge. 

844 ' 





f 


TABLES 21 AND 22. 


• T^BLE‘21. . 

LENGTH OF TRAJS^SITION CURVES wItH 

VARIOUS SIirFTS. ^ 

• * 

Note .—ll ■= Ratlins of Circular ^hirve to whiclf %ransitiJRi nyis from a 
Htraight. For liaiisitious betwn-ii RevpRse ('ur\e.s usi; 
in piiicij oT ' K, anti for ConipouniUCtirvoa use 4' 


Slnft (S). 

^ of Transition T 

'iir\i' (hi. 

• 

ft. 

ins 

lu'eluini'. of ijij'. , 

in fi't'i. . 

2 

y 

• \ R X ■1000 

\ li X 

H-121 . 

o 

«« 

r, 

• .. -y'l.i 

'» 

7-7l() 


3 

■yoo 

n 

7 •3-18 

o 

0 

* .. -S-Ol^ «' 

y » 

f)«928 

1 

y 

■7ys 


0 ■ m 

1 

f) 

• , -TiiS 

*. 

O-OOO 

1 

;i 

■071. 

1 1 

5^77 

1 

0 

.. • •r.oM 

) 1 

i ■ i)00 

• 

y 


• 

1-213 


i* 


)» 

3-j()4 • 


3 

• ■301 j 

11 

2-t“!0 



• 





TxlBLE 22., . 

OFFSETS L’OIi TRANSITION ^UUVrs. 



I 
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TiL’LE 2d~ -conthtue<]. 



^ Wherever these Rules lire quote*! lu thf book tbe’.r Nos. art'"\)>'ecev!e'l bj 










TABLE ^4. 


xn 

-■ H 

y. 

r 




u ■ 


•* 1 




■n 


X ^ 

VP 


o 

2^ 

h-j 

o 

« 


t3 

. 5 ' 

* C ,X3 ' 
i< ^ • 

O t/ ei 

cv w si I 

(*- 

2 2i «* . 

1^. ^ 

rt 3 I 

I'j ^ ”' i 

— ‘r: ® 

s 

£^k 

"J 2S 

•3 c « ^ ’:■ 

fl W 

^ 3 

; 

o Z 

H C 



a 





1 



" j. 

1 

■1- 





i 

Ph 


s 

u 

-*y 

( 


C5 

5*? 

D3 

1 . 

1 

■f 


,1. 








hH 

(A 

</) 

-r^ 

r—t 


ar 


u 



'Sp.i 

■Ml «.■§ o 

; -f?i. X ® -« 

«Is 

X 5^^ 

<N . . 


a a ^ ^ 


Cj o 

a s 




c? 

'?! 


, 

1 

■1 



1 

11 


0 - 

.4^ 


«C»t 

»—• 


0 

-•♦'1 

0 

J._ 

Q 

0 

0 

0 

zo 

<H 0 

!i JH 

3 

ci 

cc 

'^5 

0 

<J 

a 

'o 

P 

tK 

•MH 

C^J 

PS'S 

CO 

CJ 



CO 

0 


ll 

0 

s 

•!’*.-i 

'n.B 


w** 


<Xi 

‘'l*- 

•r 

C7 

0 


0 


1.0 


0 


•o 




— - 

- -- 


,_ 

_./ 



- - 





1 





y 

0 

-^Tl 


H 

•J 


fW 

CMP) W4K 

- 


-M 7? 


C-t 


pO 

d 

(-4 


ii 


C.) 

- 1 


03 /"^ H 


o o 
^ C’ 


9i 

ra 


r^ 'h 


^ I 


w 

^ Ei^r: 

• v-~, -I ^ 


•t i 

3 r*^ 

J- 


{ u, 
p 

i ^ 

“ 5 ; 

■—< 


^-( r“ f*^ 

•mt *1 

H _o '^ • — 
“ -2 «- 


»-j '-' 

- 

-*- Ti 

'i'-Ji ^ 

'“J. '71 X. 

< 


r 5 -J 

■fi 

f 


' i n 

'Jl 


t- :.: 


/ 

71 




O u “■' 

■ 

CM ^ — 

Siu^^ 

V * j3 

o " 


^ V '2 

4, C pCi i ci 


! ■(!) 

c 

ci 

u 


-p- ^ 

r-i 

Ifl 

-,T 


r* 

•li 

f.j 

«*-i 


H 


JL I 

* c 

5 


J- 


^ g -'S ^ *. 

bp 

C C rt o 


■--1 'M 1“' '•.^ r^ V- r: r 

— -T ^ -r- 1.7 


rS^ 

^ I ^ 

•1) I f-4 

*-> I ^ 

> ■ -3 

I 


r ^ 

o 


H a I 


‘ ^ *; 


;c 

S 


d 

3 


«-i 

O 



i d 


o 

p3 

-•■a 

'10 

rM 

CM 

cc:3 

Q 

H 


1!^ 

q 

4) 

*T" 

BF 

M 

Mi 


w* «■« w r •» 

-I- j •!• y-I- ■!■ H- U 

S' 


o 




w 


O *.: 
p ® 

e;>^ 


pH CJ WS -Ml 1(7 CO l> 00 
sc:ftcO[rtT7(J7« ec 


ti 

' o 


O tn • 

O ’' 


*> 




3f>() 


f 







TABLE. 25. 




















TABLE *20. 


w • 

tJ ® 

■5 -is 

f.' 

K S .'- 

^ O Cm 

<i V ^ 

. < L- 


' s 


X'f 


11^ 

•*-< Q 

o 

(U u 

-tj ix; 

3 _ n 


■ (^. 


i-i 72 '-^ 


.1 

’! 2 '■ 


^ r-— 3 

5 ^ S 7 

B .:: 

, O rr, 

i;- ^, *- 

^ mm '-♦-J 


M 4 -mf 

■ p^ ^ 

4-> ^ -H 

9^ ^ i. ^ 


TABLB 26. 


I 

-e 

1 

.g i I 

I 

••^. r>i 

^ o 

XV tiO 
^ EC C3 I 
^ Gj a, I 

a »- 

£ e3 

'J ^ '^. 

I \ 

'■B ■ 

-3 X ^ ! 

> ■*■> ^ I 

^ *4-4 CLl '. 

:p ^ « I 

.£: 'iB \ 

^ ^ i 

►- fl ' 

.0) S 

,-;itt ^ I 

EH; 



r t-(4» i 

iV i-'^T- 

I =< X 

: ;p4 -f'cT 


-'I • ^ —-•, 

X ':-:x 

> ^ <75 

•« ■ 

X, a: 

X 


o!t. 

ig-^gl M 

I . Q C 

<tt ^ fe' m 
_. X 9 i ^ 

1 -^S! 2 


y » 

S 


EC „ 

1/3 O 

O * 

5 ^ 

eJ 









^LE 26— conimiied. 


TABLE *2Q 


.. IV 


I a 

i 4) 

Cl 

1 k\ -W 


O J3 JQ 

o ^S'.s 

M gf 


<H 4a* U 

O to M . 

1 y-t gf 

S2 S. 

^ g 5 S' 

o'.2 ® 

r+f qj ^ 

, a ^ ea 
th w ■ is 

-T3 !> -rj _ =» 

§ $ k| a 

S'J « « & 

o ^ S W 5 

® ^ a; ?2 

S rp rCl 

cr+i TJ ^->01 

2 ^ 4a ^ 

-*3 ^ C 

- 

>y ■ w-i '£ 5 

^ "ap{ a U 


iS 

s 

^ S! 

' ► "S 

DO 

,a 03 ’“' 
_1 U O) 

a'S ■=!' 
J ® 

'V 

>, -r 

.wr: Q 

S S3 • 

^ I ^ 

I . qj 

4i *0 M 
OD 9 
— c>< 


4) o 

# 2 *« 
* c! 4-> 
« 

f4 43 
45 *0 

BV 

Q 

ja 

'2 

3 S 


cu O 
® m 

44 © 

O t 
C * 

E, 

£ 

4 ) •' 

2 

43 4J 


f -h ^ 

L fc C 
f ^ ® 


es 'M 

•U • 

a ^ 

a 1^1 ® 
(4 o P» 


p-! X 

I CM 


N « 

^ Ph 

CM 




cPi *3 

44 « 

u © 

tH w? 

p4 pi 


® 0^ '»j2 

^ ^f''+ 

^ ‘-2 J 'p 

pa ja 

X pH C;+ 
a !>> I'tT' 
5 P^ilzj 

(M SZipO X'X 
C 

1 w 

43 P^ ' .. 

£ © 

V-' M 

Ph p •• « 


t>0 h 

^ - 

00---. 

s--- -5--. 


' S3 S 

•H rO a-N 

1-4 

•S^ 

L T3 L>- 
©O 



■rS« 

£ © 

2 

o ^ 

cs 

, ^ 

M 

o o 

P^ 

® C 

> ‘S, 

-o ' 

i 

JO 

XI J3 0 

X ■ 

CO 

4*1 

>o 

tC l>- 

QD 


'c ®?L 
a ° 

lis'SlI 




c 5p fc 
e3 C 52 

CD Ifi 
TS »- S 

..„W 


S fc 
^ 6 


854 


\k « 


t The ^ may naually be neglected. 
























TABTjK ‘27— continued. 




TA^LE 27 — "continued. 


TABIiE 2*^ 


( 

c 



♦ M = S -r H. ® t These Rules are only for use in specia-l cases, 





TABLE 28 . 


' t 



CD 'M L'* O 
•H C'l 00 ^ 


ud Od GD oa 

S CO ^ 

p-l rH |S| 

O CC <o 
X oa O) 
Cd CsJOa <Ji Gi 
O ClPOtt O Oi 


X I* C« ^ OD W3 rHTO «0 <N tH i 
XO 0 Q 6 D>-<CDOdOlt* 91 lO 7 Oi 

wi>c>icosoqp'^’^kOO»:ff| 

»OC<IWaOW?C^OW 3 PffOQ| 

t-icac^co«co'^’'<«ifoifro: 


• 0 <NCDU 3 ^Gr-»?C> C'lM O 

fliroeo^HWSOiACiiO C iCt 
•rtirj0QC1^G^CDI>X<»a; 
I** CM G Cr> C 7 G Gi Gi Oi Oi 

09 G 03 G 09 03 03 03 O C3 03 
G 09 Cto C^ G CMOS' 03 G 09 03 


1 -- fH CO x : 
y r«< :o oi ■ 

• 

o OJ r- ift 

r-( »0 CO 


% ^0 'M 04 I—t i-^ 


t" iH -ji as I 
IT, I- X. (M rH ' 


I » CD O >H O *1 IN »» CQ r- (-11 
|w O'! I-H «? ■ 

^ I 

I® rt ?D «; I— O •« CC -?f 'C 1 
e# I-I IfS CO K? Cl r— >0 


H) ' • 
H ' S 

I—I ; IP* 

i St 

cA.' ra 

r.'i 


. o o o 
C*l 


O X CO C X ' 
; O ^ . 

. 01 ’-H t - ft. o 
: X '-f lo ir' 

• CGOlOiG' 
03 j; 03 03 G 
03 09 09 Oj 09 I 


TO <M 04 


XiHCDkC'-t<G'^r 004 r»Oi 
G CO •W t -1 r-i O O: X r- 

fc *0 :0 cT^iH CO 03 »0 X * 

»0 TO O tH O X r-» CO iH ■'<j< 

i-l C'l 04 CO TO TO -"K iv? »f> O 


O »O^T 0 'H Cl X 

■ ' r>^ O 130 O r-i r-l 

fl'T*<XtO 4 C^|t-,-Ht--THT 0 r^ 
•PH 103 O C^l -+- -c O I'* X X X 
•'-X 03 03 o. o. CmJi 03 03 03 03 

^ . 03 «J 3 C 30 0 :C 3 C 303030303 
03 03 03 03 03 03 03 03 09 03 03 



c: I- -N f^\ 
»0 CO <>1 fH CO 


: CO TO f-H o TO 

. ’-f iH lo rfi CM 


CM rH iH rH I 


>-♦ X CO TO L- 03 X CO -f< fcO CM 
I TO «M TO rH pH 

• •>-■ Pi 

'O t- CM O X CM CO CO TO >0 

I --r Cl Ti? ?M CM rH iC 

I • . ' 

|CC>NINi-I.Hi-liH.HrHi-< 


i Is 

S “ 
!® 


5 !i| 

I 


SfU S 

O 

55 __ 


!s| 

oio «ttci "^1 c 

|^*-l rWSi a M 


, '•^ ip (N !M OS ■«* 

;;■•>• W Cd ec ^'' 1 ' 

B iCO »0 >0 « ■<r rH 

•E'.O O t- pH m 
!s I»i 5 OC CO OS OS * 
r i, OS OS OS OS OS Os 
jos OS OS OS OS 


„• X « « 05 » 2 S 

1 “ ei^x-Pji M « 

a Cd -ill pH rt HU 1 ft 
® hf X tfS IN ift « 


s' Ift «5 Od Cd rH rH 

a 


I Cd t- pH 1 !MX >ft .-( fP. ™ fH j 
M t fti pH t- 1 ft m -pt o qqJ I 
■« 05 .-iPi*XCd.XO»p(iP»i 
‘.-l<N»ftX«OI>l>XXX| 
lOSOSCSOSOSAOSOSOOS' 

: 05 Os Os 05 Cs Os ^.05 OS 05 | 
i OS 05 Op 05 OS OS OS'OS 05 0> I 


1 «5 pH ■pH X to flj X l» M ftl 
1 IftCd lOXXOdCdTll 


«d -dji^Q 


1 M X r- IN 1# C3 ■ 

I « HI X Od «Jd ^ 


lO jq” 

H 





'E'Bi.ifdp 

W SfcF • 


Hit ift «D Lh 


lMCdCd*HrHpHpHpHlHi-H 


lOOOOOi^OOOOO 

' X OS O « ■•ift «5 X O pH <|i 
rH^rHiHrHrHddSMj 






































TABLE 29. 


J 


■ p 

r 

. TAlBLE 29. < 

f 

LENGTHJ5 OF SWITCHES, 

In relation in the Qurve, the Crossing Jingle, and the Lead. 

Gauge 4ft. 8 )^ 2 m 8 .* 'Heel divergence (H) 4/^ins. l 

t • • 


Switch 

1 


MAXIMUM 

K 


length. 

E([uiv. Eadius (ll’. 

Crossing Angle (N). 

Lead (Li. 
-8x4-08 

Ft. (S). 

Ft. _ 

Ohs. 

ft. 

1 

Fl._ 

ins. 

6 

107 

1 

41 

3 • 43 say 3/6 

24 

6 

9 

240 

3 

42 

5-14 ., 5 

36 

9 

10 

296 

4 

32 

5 •71 „ 5-14 

40 

10 

12 

427 

' G 

'31 

€-HC „ 

49 

0 

14 

580 

8 

52 ■ 

'8-00 V , 8 

'57 

2 

15 

666 

10 

0 

8-57 „ 8 K 

61 

3 

‘ 16\ 

rr F- 

4 J 

.11 

32 

9-14, „ 9'4 

65 

3 

.•18^ . 

960 

• i 

11 

36 

10-30 „ io;4 

73 

9 

20 

1,185 

17 

63 

11-43 ,,11^2 

81 

7 

31 

1,306' 

19 

52 ' 

12-00 ,,12 

85 

8 , 

24 

1,706 

25 

r 

56, 

13-71 „1% ' 

98 

0 


EXAMPTjB.—According tc/. the ai)ove 'table, "“a^ 15ft. switch 
should^ not be used with a Eadius of rnor.e than 
66Gft., nor with a Crossing inore than 8/-^, nor with 
V., a Lead more than 61ft. ‘3ins. 

Noies .— The E, bi^t not the N and L, apply tb ariy /^auge. 

fWith 4in. H, the E may be 12% more; with 4^in. 
11, the E should be 6% less. 

■ i 

S. iThe table is based on C.L.M., but the use of E.A, 

» or IsuacgJ;qs M., will nof^ appreciably alter the 

dimorvsions. * 
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I^ABIiE 30. 


table so. ' 


CROSSING ANGLES BY CENTRE LINE MEASURE. 

• ^ 

Converted to Degrees, aid to Right .tiigle anJ Ise.scoles 
Moasiiros ; alsj their Trigdnomotrical Ratios. 


M. s. 



02 

# O 

• 



.>;{ 7 
47 na 
43 30 
39 57 

30 52 
34 12 

31 53 
29 51 
2H 4 
25 3 
22 37 
20*.3ff 
18 55 
17 29 
16 15 
16 11 
14 15 
13 25 
12 40 
12 1 
11 25 
10 52 
10 23 

9 56 
9 31 
9 K 


48 -HOOtt ' OOOOUOO 1 
30 •742.W 0701030 1 

10 -0896 72U370 
.58 ' -4423 7061234 j 

11 ■ 0000 ■ 8(K)00U0 I 

19 1-5621 ' 8270270 ■ 
26 ; •5282 8490564 • 
16 ' ■ 4980 . 8!*)722f)0 ^ 

20 -4706 ' H8-2.3530 ' 
26 ,-42:}5 9058812 
11 ! -3846 *9230770^' 
34 -3520 ' 9360(«10 ' 
28 , -3243 ' 9-459460 
.32 j-3006 ; 9537572 ' 
36 ;-2800 ' 9600000 1 
20 i-2620 I 9650655 | 
-1-2461 9692.308' 
10 :-2321 , 9726962 , 
48 :-2l96'9756098 I 

4 , - 2082 ! 9780822 [ 
16 -1980 ‘ 9801980 ■ 
50 -1(^8 I 9H20224 
19l-l|03 I 9836065 
22 ;-1726 I 9849906 
38 1-1655 ' 9862070 ' 
52 i -1»90 : 9872814 
50 '-1529 I 98B2353 
22 ,-1473 I 9890860 
16 ; -1421 ' 9H984»7T : 

25 -1373 : 99063701 
40 !-1327 9911504 i 
58 '-1285 ; 991709* I 

8 1-1245 ; 9922178 
10 !-1208 i 9926806 
58 -1172 19931034 

26 -1139 I 9934906 
34 -1108 I 9938462 
16 -1078'9941733 
32 -1050'9944751 
16 ^ 1028 ! 99^41 


3333 ' -750 . 1-C66V 

1077 -903 ; 1-492.3 I 

9524 , 1 - 0.50 1 -3810 • 
8381 1-19.3 1 1-3048 ' 

7-500 ' 1«;;.33 ! 1-2.500 
6797 ' 1-471 ' 1-2092 
6222 . 1-607 1 -J 718 , 
5742 1-712 1-1.5.T1 

5.33;^ 1 - 84,5 1-1.3.34 
4675; 2-139 f-l()39 
4167 i 2-too k-0833 
t576f, 2-659 1-0G84 1 
3429 I 2-9flf 1-0571 
3152 13-173 1-0485 
2917 I 3-429 , 1-(J417 
2715 I 3-683 ; l-fml5T| 
2.540'3 -937 ! 1-0318 
•23.86 ' 4-191 ,«i -0281 ■ 
‘2-250 I 4-444 ■ 1-02,50 1 
21-29 . 4-697 i l-0‘2-24 ' 
?I020 4-9.50 ' 1-*0202 ' 
1922 i 5-202^ 1-0183 ' 
^33 I 5-1.55 1 1-0167 ' 
1752 ; 5-706 : l-0152t 
1G7H ! 5-958 ! 1-0140 ' 
1610 I 6-•210 I 1-0129 
1,548 I ^-461 I 1-0119 I 
1490'6-713 I 1-0110 i 
1-4.36,6-964 l-Olrf.’i ! 
1386 I 7-215 : 1-0096 J 
1339; 7-467 1-0089 
1296^7-718 1-0084 
r2-55|«7-969 
1217 8-220 1-0074 
1181 8-471 1-0069 
1147 8-721 1-0065 
,1115 8-97;? 1-0062 
1084 1 9-223 1-0058 
1066 1 9-474 i-0056 
1028 ! 9-724^1-0053 


1-2.50 

1-347 

1-400 

I -.557 

l-f)fW 

1-779 

1- 89.3 

2- 0^8 
2-125 
2-36J 
2-GOO 

2- 841 

3- 083 
3-,327 

3- .571 
■.•f'«T7 

4- 062 
JLim 
4-555 

4- 803 

5- 050 

5- 298 

6- 545 

5- 793 
042 

9-290 

o-sSh 

6- 787 

7- 036 
7-284 
7-533 

7- 7^ 
fi-031 

8 - 280 

a-,529 

8- 779 

9- 028 
9-277 
9-.526 
9-776 


1-118 
I 1-231 
, 1-346 
' 1-463 
1 1-581* 
1 - 700 
' 1 - 820, 

■ 1-941 
2-061 
2-.305 
, 2-,549 
2-796 
i 3-DIP 
' 3■288 
•3-53.> 
1,3-783 
I i-m 

i 

4-528 

4- 776 

5 - 4125 
i 5-274 
1 5-.523 
;5-772 

i 6-021* 

; 0-270 
j 6-519 
I 6-768 
I 7-OTSi. 

1 

\ 7-767 
1 8-W6 
8-266' 
8-515 
8-765 
I 9-014 
I 9-264 
I 9-513 
1 9-7^3 


361 











TABLE 80 — continued., 



o 

HipiJ 

^0^11 Vs. M, S 


5 4:j 28 
5 27 9 
Si 12 18 
4 58 44 
4 46 18 
4 344)2 
4 21 18 
4 14 31 
4 5 27 
3 49 4 
3 34 46 
3 22 10 
3 IM 5 4 
3 0 54 
2 5J 50 



a 
s> 
u) 
a 

5* 

h i t; if M 


;-0997lf 
j-OOSO,' 
;*-0907 i 
'•0868' 
'•0832 j. 
!• 07991 
:-0768i 
1-07401 
i-0713 
■0666 
j-0624 
;-0588 
i-0555 
•0526, 
•ft50(l 


9950125,• 
99547f'l ! 
9058762 I 
0962264 ; 
‘;)965:338 i 
9968051 1 
0970458,1 
0972603 
9074522 
9077802 
9080488 
9982714 
09h45HO 
008(5159 
99M75(is I 


1-0050 10 
1-0045,10 
1-0041 11 
1-0038 11 
1 -0035 I 12 
: 1-0032;12 
iL0030i 13 
i 1-0027113 
! l-*026l 1-1 
i 1* 0022 i 15 
1 -0020; 16 
! 1-001,7 I 17 
1-0016 ! 18 
: 1-0014 I 19 
1-(K113,20 



025 j 
52-1 ! 
023 ! 
522 ‘ 
021 
520 
019 
■518 ' 

■018 I 

■017 

(116 

015 

014 

013 

0125; 


, table 31. 

'ri'HNorTS FBOM A ST 1 ^AI{’}^^T MAIN LINE, 

« 

Ifthgle (;f Crossing by Centro Line Measure 
t'l and Straight Switch. 

liaugo 'Ift. H.Uns. Switcli licel clivoi'guiu-t' -ijUis. 

(.Hclur to. Fig Xai.—1.) 

0 

Lead is flistancv o^n straight from fiwytc'h hoel to find 
]U)iiit of cro.ssiiig. I \ ' 

‘ I'or tilt- iiioasurod along Ihc; curved turnout rail, 

divide 18 ilichoM by thc^ Number of the Cr 4 )s,smg, and add 
the r(>sul\ lo tbe Load on the straight. 

^ Radius is ‘of eurve between het'l of switch a.nd Crossing 
point C , 

Yer^^ sine is on abote eurvu If tbe string for setting 
th 6 *.\(n'sed sine is^tied to«blnnt nose of crosssin^. the slight 
‘mcreaso ‘in the versed sine is negligible. 

This Table is based on Rules la, 2 a, and 8 a in Table 25 . 
The number in 7 th eplumn incjieates whether the switch is 
suitable to the crossing, the ideal recommended being 1 - 75 , 

• For the appliiCtion of this Ta*ble when the main is 
curved, see ChsTpters XIIT. |jind XV. ‘ * 

362 ‘ I ■ ,. 










T 


'fABIiB 31. 


TABLE 31— cQ^itiAued. 

For Switch not included in Table: thd I,end. 

Badius. and Versed sine ^nay bo nbtained bj' prdpprlion; 
e.(j , I'or I8ft. switcdi take the avcra{j;e of Leads, ote,, shown 
for 16 and 20 feet ^witclies ^ 

4,jins. Heel divergence.— The last V-fdiurin skews llu' 
doerease in the Lead* as eompaT'od n it^j that for d^ins. 
,iivor"oiice. Exanifdo: hjr 1 iu ( rossiii” •16ft. switoli. 
'Lj'iiis. (flver^'enoe. the L(Md ^vill bo .^Hft. tins, loss Oiiis. - 


57ft. Tins. 


ally tho sumo, d’ho 


ns. Tho lladii will be praotica 
• Versed sines wdl b»*'|iri. less. • 

Irish Gauge. —W'iih a (lan^M* of 511. dins anrl -J^ms 
Switch heel diverf^ionco, the Li'ads, Ibuiii, and Versed siiu's 
may be obtained by addinf; i to those in this Table. 
E,vamf)Ie'—(’I'dS'^ing 1 in 8, Swibdi 1511 


• 

Load • 

Badin.s. 

Vei'wed sine.* 

Witli 4' 8^" Ciangu. 

57' 6" 

580' 

8i;" 

Adtl i . ». 

7' O':" 


• 

Gi\ing for 5' 15" (jaugB... 

6 -1'* lljS" 

•(352 V 

f) 1 1 /< 

■’i 


This is i)t^cause with Vlu> sunie *li^('l ^liverjfenee (H). tile 
Tieads, Radii, and Vik'sed sines are proportional to Gaug^ 


minus H. 


M-l JQ 
° 

<13 a • 
'bh's J 


• 

Lend. 

liadiuB. 

—1 

• 

Badius. 

r 

Versi'd ■ 

■ "i 

Old i 

• (.4 

S-S»E 

(3 « c 

•§i°i 
*. “ 

length. 

Feet. 1 


ms.' 

4 

Feet. 

I 

/Jhs. ft. 

sine. 

• 

* 

• 

IllH. ' 

-t-a . U 

S> «M 

C/3 0 

' ' 

P ^ 

Ft. ins. 

1 

6 

8 

0 

10-9 

• 12 

(••£10 


li 

6 

9 

u 

15*8 


IJii 

4-fO 


U 

6 ^ 

Tl 

9 * 21-9 

• 

10^1 

^•00» 


If 

6 

13 

6 

29-1 


lOA 

3-43 


2 

• G 

35 

3 

37*5 


104 

"3 00 

li 

2i 

6 

17 

0 

47-i 


91- 

2-67 

✓ 

• 2i 

6 

18 

7 

57t8 

• 

• i. 


2-40 


2f 


^0 

3 

69'8 

1 .4 


2-181 


. 3 

*6 

21 

9 

83-2 

1 17 

9 

2-00* 

3 ^ 

3i 

G 

23 

3 

97-8 

1 32 

8i 

1-85 


3i 

9 

24 

8 

95-3 

1 29 

9J- 

2-77 

• 

3i 

6 

24 

9 

113-9' 



mi 


3i 

9 

2G 

k • 

5 

MO-7 

•• 


m 

m 

1 

• 

i 


868 





Angle of 
crossing b 
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. • 


TABLE 31- 

—coniinuecl. f 

• 

• • 

• 

"E-® iJ 

ac'S iJ 

Switch 

Lead. 

t 

• 

Fad Ills. 

Kadfus. 

. 

Vera. 

. 

—i 

vj. 

. 1 . “ 

I ri -Jl 

M 

CJ 1—1 X 

1 • 

Ld 

0 0 . 

c s r-; 
<3 

CP 

length. 



• 

• 


sine. 

• ( 

^9 Ih 

-- r-) CP 

1 i 







— W 



' 


Feet. . 

Ft. 

inf\f Feet. 

fUis. Jt. 

l^s. 


Ft. ilia. 

f 7 . J.() 

52 

1 

■439 

6 43' 

93 

•2-29 

. 8 

7r 

12 

51 

2 

183* 

7 21 

8t 

J-60 


7.^ 

15 

53 


473 

7 11 

•9 

2-0^ 


7^ 

16 

53 

•8 

472 

7.10 

9.} 

2-21 

■ 

7 A 

12 

52 

7 

518 

7 50 

84 

1-60 


7 A 

15 

o\ 8 

507 

7 45 

84 

2-(K) 


74 

16 

55 

3 

505 

7 43 

, 94 

2-13 


7i 

12 

.54 

0 

555 

8 27 

74 

1-55 


7 ; 

15 

50 

3 

513 

8 15 

H'i 

1-94* 

■ 

7 ' 

10 

50 

10 

510 

8 12 

9 

2-117 


ij 

0 

12 

55 

if 

59-1 

9 0 

7H 1'5Q 

11- 

8 

15 

57 

9 

660 

U 62. 

.8J 

1-87 


8 

10 

58 

4 

%77 

8 49 

82 

2-00 

9 

' 8f 

•12 

50 ^0 

634. 

Q 40 

•73 

i-46 


H} 

• 15 

59 


019 

9 «5 1 

^ 8i 

1-82 


•^T 

10 

59 

10 

015 

9 21 

Ow' 

<^4 

1-94 


84 

12 

68 

0 

070 

10 HL 

74^1-^ 

• m 

8^ 

15 

60 

ll 

058 

9 04 

82 

1-70 

• 

8 A 

10 

61 

5^ 

054 

9 r>(f 

. 8^ 

J-8g- 

9m 

V 

8} 

• 15 

02 

2 

099 

10 39 

8.3 

1-71 


8^. 

16 

02 

11 

095 • 

10 35 

idi 

1-83 


► 9 

15 

63 

7 

742 

11 10 

. 8i 

1-07 

H 

9 

10 • 

64: 

4 

737 . 

.n 11 

8 a 

1-78 


9 

20 

7)6 

9 

735 1 

' 10 05" 

9t 

^■22 

m 

9i 

15 

05 

0 

786 

n 00 

84 

i;o2 

• 


16 • 

T)5 

10« 

781 

11 .<>5 

83 

■fy* 



20 

08 

3 

767 

11 41 

04 

2 16 


94 

15 

00 

6 

•KU 

12 39 

8 

' J -58 



10 

67 

3 

8!j0 

12 34 


1-08 


. 94 

20 

69 

10 

810 

12* 18 

94 

2-JL 


91 

•lU 

•67 

11 

879 

13.21 

.74 

l-5f 


. 91 

*16 

68 

9 

872 

13 14 

Si 

1 -0^ 

• 

9i 

20 

71 

5 

855 

12 63 

9 

2-05 


10 

15 

69 

3 

927 

14 3 

7f 

1-50 

1 1 

10 

16 

70 

2 

919* 

13 01 

84 

1-60 

10 

20 

•i 

72 

Jl 

• 901 

13 43 

^•84 

_•- 

2-00 
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t TABLE 82— Spare. 

\- - 

TABLE 83. 

DOUBLE LINE JUNCtJONS.^ . 

(laugo 4' 8^".^ El 44'^ Space between tiacks, 6' O’' clear, 
^ 5^" {^uge lines. (Jtos^iings in C.L.' Measurei Levels are 
from lieel of switch to fine pofnt of Crossing. 

For explanation of ^nbols see Chapter XVI. and Fig. JVI.—1. 

12 ft. SwnfTIKR. 


s i'; <4-1 

c o 3 

ANGrij:^OF 

CUOSSINGK 


LEADS 

(in feet and iiichee). 

.3 & -S 

... - — 

... 

. 


( 

.- - - 

-2 hl-Ti 





t 

• 

« 

M g|a^ o 

N, 

N. 


N'. 

]. 

, ■ L., L, 

1 

r.4 ‘ 

■t'hTl'r 



' 


Ft. 

iii.lFt. fn., Ft.jii. 
5 to 1 j 03 J1 

7 ♦■18 JO I 07 10 

Ft.'hi'? ’ 

4' 1 272 

■5-10 
.>•40 r.4 

4•.32 4.'V|3-27 3}i2-71,25| 
4^60 :>A!2-0() 3 

3S 

•oT 

77 6 
82 4 

JJOo 



3-70«,' 

3 -08 .3 

42 

7^.'.! 4 ! 71 -5 

80 11 

Ti 1 3:ifL 

: :-'7> 

im 6 

■>•14 

3-H9 4 

»-2f 3J 

44 

r)j.73 81 74 10 

91 2 


5 -39 .51 


3-40 3^ 

Uf 

0 ! 5.5 9 i 78 0 

95 

6 401 


r,.62 .57 

4-20 -i-l 

3-55 ;U 

17 

8; 57 10; 80 11 

msmn 

; 437 

fi-OL 7 

^•S3 (■) 

I-43 4i 

3-69 3^ 

■19 

2 : 59 10 ! 83 Ot, 

402 6 

7 ‘ 470 

7-JC 7{ 

0 04 (• 

1-.59 4A 

3-83 ;i'i 

r,% 

7 j oT^ j Oj 

105 11 

7/, 50:{ 

7-39 71 

(’.■24 6] 

4-7.5 4j* 

3-yo 4 

51 

lli(;3 0i89 l' 

'10^ 3 

S .73(5 

7-62 7A 

.;-14 (iA 

4 -90 a 

4-09 -4 

!l3 

;t0.5 2i9U7 

Id/ 4 

509 

mama 

•';-63 64' 

7-04 5 

J-21 4i 

.54 

6 i 60 9 j 93 11 

115 4 

y 602 

• 

•- 


■5-82 0. 

-|.1.S .5i 

4-3;! 4.i 

• 

5-j 

7 (j.s : 0(] y 

’. ] < 2 


loFT. SiVITCHES. 


Ch. 

Ft. 





1 


Ft. 

in. 

Ft. 

in.' 

lit. 

m. 

Ft. 


6 

404 

G-71 

6^5-65 

6.? 4-27 

4t'3-56 

3i 

49 

H 

60 

0 

«3 

1 

rroi 

1 

6i 

437 

6-97 

I' •■87 

6 i4-4-t 

4.i:l-71 

H 

51 

r. 

02 

2‘ 

86* 2 

104 

Esai 

7 

470 

7-22 

710-09 

6 

4-61 

4i3-8r) 

32 

63 

0 

04 

2 

S9 

1 

108 

5 

7i 

503 

7-4ff- 7A'6*30 

6i:4-J7. 

■1.53-98 

4 

54 

6 

66 

^0 

>1 

10 

111 

11 

8 

,530 

7-70 

750-50 

6H-92 

5 ll ll 

4 

55 

11 

67 

10 

94 

5 

115 

3 

Hi 

*569 

7-9.3 

8 :C-70 

656-07 

# |4-23 

4i 

57 

3 

69 

7 

96 

11 

H8 

6 

9. 

9A 


8-14 

8 i6-89 

7 

5-21«6l4-b5 41 

58 

7 

71 

3 

99 

6 

121 

Ell 

635 

8-36 

8i^07 

7 

6-35 

6i4-47 

4i 

59 

10 


11 

101 no 

12^5 

EQI 


»'56 

8i'7-24 

7i5-48 

5i4-5g 

h 

61 

1 

'74 

6 

104 

• 2 

12'r iHi 

ieI 

17ol 

8-76 8^:7-41 

7|'6-61 

6*4-70 

41 

62 

3 

76 

K1 

106 

4 

130 

0 

11 

734 

8-96 

9 >7-68 

7i5-74 

5|4-81 

4| 

63 

4 

77 

6 

108 

6 


9 

Hi 

767 

9-15 

9i!7-75 

726-87 

524-91 

5 

64 

5 

78 

m 

110 

6 

135 

J 

mm 

800 

9-34 

y.-i’7-91 

8 

6-00 

6 15-02 

6 

65 

6 

IHil 

2 

112 

6 

187 

h 

12i 

8.33 

9-52 

9ii8‘06 

8 

6-12 

615-12 

51 

66 

7, 

81 

6 

114 

6 

140 

5 

13 

866 

9-68 

95'8-21 

8jp24 6i 6-22 

61 

67 

€ 

82 

_ 1 


116 

4 

142 

•10 


867 










































TABLE ‘‘33. 


I 


i 


• DOUBLE .LINE JUNOTIONS-^’oniinMed. 

/ 


ISsT. Switches. 


a5gles"6f crossings. 


LEADS. 

tin feet ami incliee.) 


S-f).! 8^' 7- 

8- 8H 8.?i 7- 

11 i 7341 9-02 9 I 7- 

9- 21 9ii 7' 

12 i HOCI 9-40 9^'' 7' 

9-59 9A; «■ 


9- 59 94| «• 
13 , H6(a 9-78 9S| 8- 

9-96 10 i 8- 

10- 13 lO^i 8- 
tO-47 Wi! 8- 

10- 80 10?: 9- 

11- 12 11 I S- 

11- 41 11^: 9- 

11- 69 11?' 9- 
'20 .1328111-97 12 10 ■ 

12- 40 12i 10- 


29 7K)-50 5j;4-60 4J 
46 7i.r64 5.?!4-71 4? 

63 7?'3-76 5?!4-82 4j 
80 7? 5-89 6 14-92 5 

96 8 6-02 6 -'>-033 
12 bin-14 G,i.> l3 5 
28 fUl6-26 6t'r,.23 r)| 

43 Hi 6-:J8 6it5-33 oi 
38 H4 6-riU 6.U"> - 43 5.^ 

97 9 ,6-72 6?.).61 ,‘>5 
14 916-93 7 3-79.-I? 

41* 9^7-*13 7 ,3 9? (5 

67 9?,7 -33 7i6»14 6 |79 9 97 11 137 2'l6s 

9.3 10 ,7 • 63 7^ 6 ■ 31 6i|H 1 6 100 04 4-t) 4 172 

19i 10.i^7 • 72 7? tJ ■ 47 6 |ls .3 1 102 (»143‘' 4 176 

34 10.i8-00 8 ,6 -70 6? 


SLlFT. Switches. 


46 94,7 
82 9? 8 

18 loii 8 
.53 104' 8 
rtl 10.? 9 

19 lli^ 9 

49 lUi 9 
80 nil 9 
09 Vi 10 

50 124 10 


F. ins. F, ins • F. ins. 

70 

0, 84 

11,117 

113 

2 

72 

6 88 

0 121 

9 118 

i 

74 

9,90. 

9123 

9 153 

5 

76 

lOj ,93 

3129 

8,158 

4 

78 

9! 96 

0133 

4,163 

0 

HO 

7i 98 

3.136 

10167 

5 


51€0, 

9'l40 

3171 

8 

84 

2103 

0,143 

7175 

10 

S3 

njio.5 

^'146 .10179 

10 

88 

7108 

4 151 

-4'185 

10 


Nf^te —For switch lengths^not given in table „ 

(i.) The difference in the crossing angles will be negligible. 

(ii.) Approximate leads may be obtained by proportion, 
e.g. : for 20ft. switched deduct one-third of difference 
between 4eads given for ]^ft. and 21ft. switches, 
from leads^iven for 21ft. s\t itches. , , 









































table 34. 


^ABLE 34. . 

KADII OBTAINED IN ‘A JUNCTION WITH VAllIOUS 
SPACES BETWEEN TRACKS, THE DIAMOND) 

CROSSING •BEING 1* 1n 8 .' • 

• • 

Gau"o -4' HV' • Bwitch heoi divei^joticp 4^" ^ 


Hnaciibc'tweou two r> i * ' 

iniiio tiacks ’ J^\ Radius from a Incroase i«! 

__ if’"'*:* stniif'ht lyaui t rnclin.s for j 


Clear ,7^^' 

linos 

j 

1 

1 




Ft. 

111.'; j Ft 

ins 

, Vt. 

Ft. ' 

Chs. 

ft. 

Ft :■ 

0 

0 ; 6 

nr 

: JT) 

1140 ' 

21 

..59 

1 1.33-9 • 


j 


i IG 

■ J 1.37 ■ 

21 

51 

: 133-2 




IS. 

■ 142G ' 

21 

40 

■ U2 - 2 ■ 




: 20 

' 1119 


33 

.‘fl.) 

131-5 I* 




: 21 

frllG ' 

21 

■ • 131-2 : 

• 



; 

14T)9 i 


23 

• 130-5 

6 

G •(? 

1 u 

\ Bi 

1 1001*, 

22. 


— 


, 


: 24' 

1474 ' 

22 

22 

— 

7 

0 7 

i 


: IG 
; 24* 

ir.71 : 
ir)39 

23 

23 

53 

'^1 


8 

0 i 8 

Gl 

■ 20 

1GS2 ; 

2.5 

•12 



1 


’ 24 

1G70 ■ 

25 

20 


JO 

0 rt) 


: 20 

i 1945 1 

29 

31 



• 

1 

1 


: 24 

I I9;ji* 

29 

17 


0 ;i2 

] 

' \- 

20 

2208 : 

83 

30 ‘ 

• 1 


1 

i 

I 


f 21 

2192 • 

i 1 

1 

33 

14 

I 

-• 

• 


K - \ K 



Notca.—r 

* With 4i" dive valence Bie Radii will ho slijjlitly grc.iter, 
about 4 ft. average. ^ ^ 

! If totfc liffBs are curved this wjll be "E'luivalentlhulii^^.” 

. t Exa;ni)le.—Switches 24' Space 11’ (i" i.e., 5^' more 
than - 

Radius for 6' spice = 1409' 

Add 130-5^ = ^IS' 

Radius fof*ll' 6" space “ ^121 ' 
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TABi:iE 85. 
.... 1 


. TAbLE 95. 

/ 

DOUBLE TUI?NOUTS. ■ 

Width^ l^twee^,gauge lines'at toe of second pair 
‘ i of ^switches. 

To tind (Y) add«fclio approijriafto dimensions "A” an^ 

“ li” tJbsoLlier. Example:—Switches 15ft.; distancei^etweeu 
toes of switches ‘ASft. (therefore 1—28' —15'“ 13'); radius 
4()0rt. ; Then A -fB-=2^+8!}" 

« 

Dimension A (in inch^. 


Kqiiiv. j 
li.'iiliuu ‘ 
of 1st !*■■ 


Distances m lect from heel of lat to toe of 2nd swteh 
(I Ejf,' XMi -s). 



turnout. 

(> 

rr 

$ 

H 

1 

10 , 

11 

12 

13 ; 

14 

If) , 

, 




i-, 

— 

1 

- ' -- 

— - 

« 

1 


! 

! 


200 


14 1 

11 

, 23 

f'* ' 


4ft ! 

• •• 1 


... 1 


‘ 2 r,() 

i 

n i 

u 

' 2 

-»3 ; 

agi 

34 1 

k ■ * 




:U}0 

a 

1 

a 

■■ U’ 

2 1 


n i 

1 

■ a a 



:ir,n 

• - • 

41 

lA 



24 

24 ! 

• 1 . ‘ 

... « 

' ■ ■ * 


•100 

• I 

; 

1 

1 t- 

11 ! 

IS 

■» n 1 

f>X ' 


• 

■ a a 1 


toO 

... 

1 

H ' 

h 

! 1J 

U i 

lii 

y ; 

n 

... j 


* son- 


... ' 

i 

, 1 

U ' 

14 

If j 

o 

'J 1 

2ft 

... 


fi/iO 




. • i 

lA i 

IS 

h'i 

lA ' 

24 

24 1 



..p 

. ■ • 1 


. J 

1 j 

l-t 

ii ' 

1'*’ i 

2 

H 1 



i 

* * * f 


* '< 

-1 

1 , 

u 

ift 

u ' 

1^ 

<) ' 
" 1 


700 

• « 

... 1 

■ • ■ 

1 

^ ; 

3 

li , 

14 ' 

1?; 

. i 


800 

• « m 

... i 

• a ■ 

1 ^ 

■1 i 

1 

n i 

l-f ' 

1-4 

' li 




1 1 

1 



«> 





e 


1C 


*4 

n 

n 


DiMJiNSTON <B (in inches)^ 



Distances in feet between switch toes 
' (r Fig.*xvii,-8f. *' 


,1H_ 

19 

_ 

■ 

20 

21 

oo ! 

abA j 

23 1^4 

25 ; 26 

27 

28 

29 

30 

31 

ici 

74 

74 

U- 

H4 

« 

85 

9 

Qft]... 




a a • 


l... 



• • 

fift' 

6A 

71 

74 73 


*8ft 


9 

9'i 

I « 

1 


. • . 

t 

61 

6-4 

62 


7ft 

75 


B4 

83 

74 

74 

n 

Hft 

wi 

94 

94 

94 .. 



-a* 

... 

«. • 

a a 

> a« 



7 

74 

7ft 

75 8.i 84 

85 

04 

94 

94 

... 

a ■ a 

1 

f 

1 

... 

... 

64 

« 

64 

74 

7ft 173 

1 

8 


«§ 

es 

94 


« * Y on Figs. and 8. 
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• T^BLESe. . 

' DOUBJjE tukxouts. 



Gauge 4fi. SHns, II 44ins. MWdlo road stvaigT't. 



Tho dimensions given foi 15ft. switches (^Ins. H) will apply 
practically todUift. swiCShes with 4 Jins. ±1 an^ tlio same P. 





































TABLE '37. 


TABLE. 37. 


THREE THROWS. 

(Type 1.) 

Main IjTne Ckosstngs OrposTTH. 
Gauf^o i' i'h"- SwiLcli heel <live^onco 4i'*, 
FIC. xvni-2. 


tO 


/ 


•Length of 1 Aiigle of 
longer •‘^namlmc 
f^’itoh. 1 Crossing. 

Radios 
• of 

Tiirnoota. 

■ 

i 

, , t 1 Angle of ilrd 

J ormiiWle 

Tjeacl of 
Srd 

Crossing. 


ll. in feet. 


N 3 

. f'. 

iVet. 

12 ■ 5 

• 224 

• Ft lUB. 
37 5 

4 

3^5 ^ 3 i 

rt. ins. 

23 7 * 

• 12 ,• G 

10 7 

1 

* 32 G 

43 9 

4‘36 

27 2 

4^0 

51 7 • 

5 - 09*5 

32 2 

1 

15 1 R 

' 1 

18 . 9 

. i 

580 

1 

57 

1 

5-79 5i 

'35 6 

* t 

1 • 

i 730 

eh 8 

6-43 

• 

40 € 

18 ' 10 

908 

71 8 

7-22 71 

43 11 


T 
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Anglfc of crosBiUf' n"’ 


- 1 - 


TA]>LE 38. ' 


• TABLE *38. , 

DISTANCES V.^TWEEN CHOSSINGS.* ^ 

Main lines parallel, all roads straight. 



Hri.i'S.-1)--SpXCotB-(J XCosocB, E -(4 XCosoc B-, 
-GxCotB. l^i^exiiniplos b( 50 C!iai)lievs XiX. aiul XX. 


n 

d 

f. 


I 

n 

ii 

1 h- 

I 

1 ^ 
I- H 

13- 

•1^ 

2 

2-3 

3 

3i 

3i 

3^ 

‘i 

4^ 

4| 

5 

Oj 


JJiiLaiico ' 
j apart of 
iJjDC pointu 
with Sp. 

6'r,i'(6'0* 

clear). 1) 
on skctcli 


Add ! 

for ; Add for i 
cadi each Foot . 
inch of,*o{ apaco. ! 
space. ; ! 


j^iHtanco 
V ,iP f' from tho 
, obtuse to 


sides of 
diaTuotid 


jbtuse to 
opposite 
’• ihc affutc 


; Fine point 
I t'S actual 


nobu. 


H()ji‘'ki'ti^lij croBain^. 

Konslictdi 


T'^.am.s 


ou j 

r>k ; 

i. I 

■iC 

(it ■ 

•' 1 I 
11. 


V , 

j 

t 

■y 


1 

u 

li 


I 

.1 « I .10 

I « 

nose.. nose. 


Ft. Ills.*; Ft. ms. I I'l. IMS. Ins.!Ins. 


[) 

10 ; 

o; 

21- 

4 

.oi 


*r) ‘lof 
0 4 
() JO, 

7 i 

7 1(7 

H 


. 


3 

4 3 
•I* ;'4.i 
r) DA 
fi 3U 


.1 ! 
I ■ 
•; ! 




«l I 

“ S I 


A 


• 1 


li 

- 

1 74* 

B lol 

T 

f.', 

n 

jl 

1 M 

1 

9i 


1 HI 

9 

54 

■ 8 

■il 

_ 1 

ii: 

T4 

2 

2 

IP 

8^ 

2i 

1-104 

2 14 

.10 

11 

0 

if 

8 

10 

1 

u 

ft 1 ^ 

!4 

ill. 

*3 

3 


2 4 -i 

12 

3 

11 

3^ i 14 

14 

3 

or 

•2g 

•2 74 

13 

•44 

12 

6 

2 

U 


4 

2§ 

2 11 

14 

6 

13 


2-i 

H 

4 

10 

3^ 

3* 54 

15 

8 

11 

li 

24 

2 

5 

4 

3f 

3 ^ 

16 

10 

16 

14 

2jj i 


5 

JO 

3^ 

3 ft! 

17' 

lU 

17 

4 


^24 

6 

:3? 

*3-^ 

3 111 

19 

• 14 

.W 

0-1 

a 

2f^ 

6 


44 

4 24 

20 

34 

19 

9 

34 

24 

7 

3 

44 

4 51 

21 

64 

20 

11 

34 

24 

7 

8i 

4i 

4 8g-. 

22 

74 

22 

14 

34 

3 • 

8 

24 

5 

4 lljj 

23 

9 

^3 

3i 

3-1 

34 

8 

m 

8 

riicifii.! 

O 4 

Mnmc linl 

?..2i! 

24 

n 

^4 

6 

34 

3^ 
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TABIiB 38 


TABLE 68— cofitinued. 


DiBfcaace 


f fine points 


9^^ 

n 
10 . 
loi 
] L 

12 

124 

13 
134 

14 < 
16 


I't. Ills. 
9*2 
9 7 
10 04 
K) () 

10 lU 
U 5 

11 10 

12 4 , 
12' 9 

13 24 

13 74 

14 1 

14 04 
.15 0 
,13^5^ 

15 104 
1(T *1 
IG 9 

17 24 

18 14 

19 Q 

19 i04 i 

20 ‘9 
2 '!. 8 

22 6i 

23 5 

24 34 
2»G 04 
27 10 
29 7 
31 4 

33 1 

34 10 


Ina 

I't. Ills, i 

‘54 

5 .64 

5|- 

5 *84 

6 

6 114 

64 

6 24 

64 

6 6^ 

G| 

f) 84 

7 

6 11^ 

74 

7 2^ 

74 

7 5^ 

n 

• 7 m 

a 

7 m 

84 

I 8 1211 

84 

8 5g 

i 

m 

8 8^ 


Kt. ins. 


1 

3 

54 

74 


i't. ins. I Ins. > Ins. 


42 3 


43 5 

Ql 

44 7 

74 

45 9 

•74 

4G 114 

74 

49 4 

74 

51, 

84 

54 04 

Bg 

5(4 44 

9 

58 *9 


61 14 

n 

63 54 

104 

65 10 

104 

70 64 

114 

7? 3 

:12 

79 114 

12f 

84 8 

134 

89 44 

144 

94 1 

15 

• * 
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. . .IV^BLEl 39. 


f 

• TABLE‘39. 

.Clios^vmi ROADS. 

Main Lines straight. Turnout curves reversim* witli fio 
straight hotweenf (Soo Fig. XlX.—S) • 

• * 

■Table shewing dista/ice^ apart ol ctossingw and saving in 
dj^tanco over that I'or slj-iiighi hofwoen crossings,* 

(iaugo 4t't. B^ins. Rail widtlf 2irins. 


Distance apart 
ol' crossings. 


Sj)aces (between gauge linos). 
. . 

i ft. ins. ft. in.s ft. ins. ft. ins. 

' 7 Gi B nh 9 OUO 5| 


-V-- 

ft. ins.i 

ft. 

ins. 

ft. in.s 

ft. 

J 0 G^i 

7 


.B nh 

• 

9 


Crosolngl in; 7. Radius |438ft. j 

On straiglit ... 11 10 ,1H 9^25, !)] 32 9 j39 B?-! 

Reverse curve.. 11 3^,11^ 5; 23 G *H 34 

Saving .^..! •0^1 1 •l.l -1 [' 3 *7]; 5 U 


i Cros^i ng 1 in, 8. R adius |578ft. 

On straight ...il3 7?,21 74^9 7 ,.‘57 G} 

Reverse curve..;13 0 ;'20 1 j2G 11 ^3 ■G.j'SO 
Saving . I 7r.1 Gh 2 4 , 1.1 G ^ Oi 

! i j i ’ 

' Cross! ng 1 in! 9. R adiu^ 1790ft. 

On straight ...'iG Gf24 5*33 4^42 H^Gl 4 

Reverse curv«..j.W 8i,22 8+i30 G 137 9^44 11 
Saving .^ Sf I 81*2 0. 5 

• 'jiCross^ng 1 in 10. Radius 9251^. i 

On straight ...17 2^27 2l 37 2 47 2 57 li 

Rovorstf curve,. 16 5l25 •4^133 11142 2 90 1 
SaviiJg . 9f 1 91; 3 2'i! G 0 7 Oi 


Notes. —T15.1 curve is taken at the same radius on centre liTO^-^* 
• of 4ft. as that of a turnout witli the given angle of 
crossing and IGft. switch. (Table 31.) 

The above figures shew* that the saving in distance is 
so small as practicayy. never to warrailt the omission 
the straigh^jjbetweerf^crossings, when^the ^rnain lines are 
straight. • 


375 







TAHLID 40. 


TABLE jO. ‘ 

SCISSORS GROSSOtERS.—Type 1. 

(. (See Fig. XXI.-l-*-page 26'2.) 

^ ^ . * 

Gauge 4ft. K^inii. H Crossing angles C. Tj. Measure. 

(Crossovers straight between straight mains. 

(rt) SPACE BETWEEN MAINS Hit. clear. 6ft -jIiiis. ga^ge lmes> 
* W., I 23ins. 






pC ^ 

.t; as 

Ltarliu.s of 

3 

O 

1 

Aiiiflo of 

is a 
KJi 

lunioiil*.. 

eS 3 1 

« fci ; 
"2 1 

obtu.se. 

S 

Jl 

E 

N. 


eroMMUtrs 


(From 
Table* 3«). 


15 

1 507 

15- 

5H) 

15, 

! 65H 

18 

1 730 

18 

i 816 

L8 

OOS 



4 


'4 

i 

1 

41* 

5 

>4 

5 

a 

pO 

5 

«8 


Si’ACE Oft. 4ins. oH:ar.' Oft OJins. gaiipj lines. 

W;, i J1 -Oft. 4fiiis\ 


It Ills. 

3 

42 5 
■14 7 A 
46 10 ; 
50 11 
53 OA 
55 4“ 





. t-13' 

|P i 

Oil 

30 

8 

14 

2 

15 ; 

4-41 . 

U ] 1 

oi 

43 

11 


3 


li, L and ,4-73 

4ji 1 

<4 

46 

2 

\ IG 

3i 

15 : 

as above 5 0:1 

5 1 

Oi 

48 

6 

! 17 


18 (independent of the space). 5-33 i 

\H 1 

01 

52 

•8 

; iH 

-’i 

18 

• » 5-62 

5? 1 

Oi 

-55 

0 

i 19 

G 

18 

'5-00 

6 1 

OiJ 

57 

3 

20 

Jk 



(r) SPACE ftit. 6in. clwir. 6ft. tljin. gauge line# 
* W, i ll-3ft. 5Jins. 


7 

ijf 

t 

I4-08H . 

1 

•lii 

40 

4 

: 15 

4 

u 

15 


4-3814*' 

1 

ii: 

44 

8: 

; 16 

5| 

H I 

15 

'* R, L and Nj 

^4-68:4j, 

1 

Ei; 

47 

0.' 

17 

7i 

i 

15 

as above 

i4-!lGl5 1 

1 

U 

49 

4 : 

: 18 

H 

9 W 

18 

(independent of the spacojpr. 5-26 ; 5.4 i 

1 

li; 

53 

6 

1 M 

11 

94] 

: 

• 

.\5-54 54i 

1 

li 

55 

11 

1 21 

1 

.40 ! 

! 18 


:5-R4'5=f ' 

1 

•li 

*<« 

4 

-r 

1 22 

12L 


w 

Na, X, and D will always be the same for the same Nj and space, 
whatever the length of switch. 

• With 16ft. switches and ijin. H and the same crossing N^, the 
11 L Nn and 1 will be practically tne same as given for 15ft. switches, 

4iin, H. , 

——-- • --- 

^ Special crosaid^ chairs will usually be necessary ^iay scissors cross' 
overs with ^ 6ft. apace. * ' 
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TABLE 41. 



J PI • 

r-? ^ 

Oi ^ 
(& «} , 
>—I r- r 

CO — 

s 

eS ^ 

to-BP; 
C o2 
.b !h 

Ifi 

c« 'fl 


U) ^ 
C — 


, Oc5 
. s ^ 

I iS a a 

' *z 

CJ: ^ 

I O I 


■-Hl-i5>'4N!Cr* >+»r4STH' 

■Ol !N L- O ri mo O 
O CT m «? CO 05 IM »K%t~ 


> ' .5 t-l i-» I-H '-^'-1 >-* 


i’"y/£f.r"™r rKA+cr*+eijMinl-+<^| 

4 ccococorocoeocDcool 


^ • o 

Ij-i 

H5I t/} 

-+I o 
tno 


ffnrf5f7^cc^ccr?, 


tf .'Cif \ 

c ir? 71 cr. O oc -H ^ ; 


r- x X c: c <71 « Ml ■ 


i^’ti 0) 

rj-j Ti 


o 


oa 1 

o=t: .’■ 

- ' 

-5 “ SJ ^ 


r-fcirVfc 

■M M* ii7 kO li7 i.7 >D ® 


Cic 


»• ^ 

• I 


• ' 

cr. 


EG .- I 

W-. ■ 
CJ - I 
■< ? I 
PS'*-' ,- 

H-o ' 

1 

!z 5; 

wc , 

L 

jp 


'+-*'<l'-«J'0»C>Ct>CDl £ 

- 1 .t 

f -fv •“C'lHTM -«sl “® 

Oi.T ■/, 01 O t~ t- '11 CD CO ' ^ i 

—. ' G a 

k-i »-i m »c >fi cc o. o th ■ 3 - 

Lh O) oi*i o( cm oi m crj I 5 3 

t D X 

I 'i' * 1 

• ■• 

f JviHH ■»i-*;inc+ I #j,d 

trlOl—Ir-lO'-^CM-^l.'S .O'*-* 

• ’• r-’ j'^g 
■ 4 i--:3 

nH-tptrt .^1' g«fi^ 

f C. ChCC CM I- CM<«D ® ' (Tg 

• I ^ c. 

f—* ^ ^ iH rH I ■ * 


im 


• +■ 
(0 


&• a f I . ! 

H 5 i C? ^ j O m 05 w i- o >o >«< 01 I c r 

CQ as ! tn ec Ol M m mi^ lOi CO r- rw-S 

_0 ^ - I-- m - ! i~ o 

5^= I -m.5 : B L O.S 

V oa 'ca5o><xmc5 05a:oLX _,3 

SS|-=^^^r |5Ea 

, ^ _^E- _ :___ _ _ • _ _i rW 

^'•2v,e,.4 o-o m i-m o X o CD cqfC'S 

f 'oocSC g-iK I--oX lo m s 

:* .5. ....._4- 

1 €5 '■ jj 

'Is 


i®^.3 I. 

I fl) 5 ri »-' 

I r o = I 

1<J|0 I 


HS r*C +i.T; 
|jc- t> ® X OS 05 O Btt 







Gaugo 4' SV’. Angles C.Ij. Measu^o. Crossovers straight 
between straiglit' inAins. Spac^, 6' oV' gauge lines. All 
dimensions except D apply; wljeri* Space is over 6' 

1. I 



^ Switch curved to im, Versed^-ine. 

r 11 4 II ilH. II 











_;_ _^ . l|.BLE8 43 AND 44. 

• T^BLE*43. . 

•OBTUOT. CBOSglNGS. 

Length of Splay and ©istanco hetwoen Poii^t Eails. 



ill ^0*^ 1 12 is half that^for 1 in 6, etc. g • 

A and dj for otSHfr gaugoB may be obtained by mulUplying the above 
dimensions by the figai’os given in Tabfe 20^ , 

' •' ’ 879 


9 



















, SLIP ROADS 1N‘D1A]\[0NDS. .• 

' I . 

Gauge 4 8^" Switch heel divergence 4^" 

. 1 ^ g 

Throvgh linoiii*straight. Sli]) rail tangential to straight switoJi. 
Diiiiensior\s refer to outer rail of curve of sli]). 
























‘ TilBLK 45. 


TAJMjJI 46— continued. 


1 if] 

5 

t: ? 1 ■ 
Y 1 


9 n 1 U\ 1 a 

s 

; i^vitehes- 
' *1/ 

' ft" 

Ill-N fl 

ins 

f'r. 

1 

ins. 

7 

2 Ail 

0 

12 

51 

()■ 

4 

GAi^ Ti 

12 

57 

0 

6 

ov 

lOli 

12 

54 

0 

7 

Giil 

o-;j 

12 


0 

4 

loS 

8,? 

12 

i 

64 

0 

G 

4^! 

114 

12 

61 

0 

5 

•2[l 


12 

61 « 

0 

f) 

H4|I 

Oji 

12 

■18 

0 

5 

Hi: 

JOA 

10 

50 

0 

5 


9.^ 

9 


0 

G 

Hl-:l 

0;i 

• 9 

i 

0 

4 

o.[:. 

7i 

‘12 

« 

■ 'X 1 

0 

5 

Gi; 

loii 

12 

1 48 

Q 

4 

GK 

•H& 

10 

] 60 

0 

(5 

oi: 

114 

10 

i 47 

0 

1 

r 

ol, 

i. 1 ■ 

•72 

4 

( / \ fl 

0 

1 

1 JO 

T) 

^ / V 


ft ! iiid. 

31)7 i 3^ 
411 4* 

373 3^ 

33f) 3} 

360 32 

315 34 

296 3& 

2(53 31- 

38 ( 1 ^ 3i 
4(58 34 

*426 3i 
-277 32 

2(() 34 
363 32 

3 L.H . 34 
130 1 34 


12 -I 48 0 I 
10 . 47 0 1 

o'" , 48 0 
10 i 44 0 

9 ’ U5 Q 

10 i 44 0 
9 i 12,. 0 

10 ' 41 0 
9 39 0 

10 38 0 

r^9 3,9 0 


•18 0 
44 0 


298 *-3g 
225 31 

244 34 

182 3 ■ 

19(5 *\ 3. 
144 3i} 

180 3S 


ti. iii». 

1 14 
J U 
1 

02 - 
l 2 
1 1 
•1 14 
04 
1 2i 
' i 44 
l 34 
J 14 
^1 04 ' 
1 3 
1* 2 • 
' J*44 
. 1 34“ 
M b} 

1 24 

1 3i' 

1 14 
1 24 
1 ll 
.1 2 
"*1 04 
L U 
**1 0 
^4 


* With chaired track, the distaiiccH “d” lu these cases, will not 
usually allow room for check rails to clear chair jaws. 

For length of diamond sides see I’able 38. 

With 16ft. switches aiidj^'iins H, the lladito will be 29ft. less, th'fe 
V |i|i. leas, and th#*'d ” less than those given for 15ft. switches, 
tbeftfore 16ft. switches are not usually liiutable for slip roods. 
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produced is tangential to the raaiu. .tAnd add "ift. For Examples see Chap, XXIV. 
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d 


ml"* 




H 

t 


O 

Ph 
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r#* 


H 


in 


CD 


J 3 

cd 


Q 

C/] 


03 


c3 


Oi 

O 

J2 

a 

c/: 


3 


ft 


Ph 

o 

P*H 


HfM 

T> 




Uj 

o 

H 

O 

£ 


(D 

no 

D 

r! 

;5 


'w ' 'G ;?■ 

I pi"' . 
i i. >-H rj“' 
!i->r'^ .|. ^ 
<a-* r^ ‘ 


^ i T, 


' i \ 


d rT' 
, 


; t ^ 

H- , 

»Ni ' 


rr I 

hr • 

I S 

/ • 


I d 
j ^ 


fl 

4 / 


x;c 

(T 


4 ^' 




9 

C 3 

jd 




I 'C , 

^ ‘ 


^ [M 

CJ » 


< 




;d td 

3 p-'*’ 

2 ^ 

I’-- 


sTra 
J ” 

V* * 






xn 

c ■- 

43 H 

?;i- 


of 

«• 


■ 

Min'H|irHe><'|x-Hx tel® lolirH^ I J 

to t- t- L'- oc 00 crj Cl ! ■ 


O x- '?! CO 7‘7 O 
»0 CD X C»Q OI v> 
ebebeb it^t'-t-LV. ^ 


X '+' Cl ID -H* Cl h- 

i^ ? ?'.Tr tr 

-j< »o i b" c '.b »b x 


'-H Cl »0 Cl o o X 

ci n ic Cl CD r. x ci 

i-i -s ,H1 OQ crj 


*1 X 'T- n ?o C-* o CD 
I—I >—' Cl Cl CO OO ’Ti '-H 

Cl Cl Cl Cl Cl Cl Cl Cl 


2.''*9 7 ^ '■^ 

%i—' O — O D 0J D1 

:b CO lb b‘ cc to ci 6 1 


CO r.- t-h -h l-' -c 
Di-'O X Cl CD iC 
'■H -^TC CD 1^ 


c. Cl [- I- D. 
'C Cl ’T' D- 
^3 Cl CTC 0^ D-’ 


D. X -',A 



»3 X Cl C^ Cl O CC ' 
»0 CD X D. O -o Cl CO I 
CO O b CD I ^ %’- i 


tc >o*cn b (M *+• lO X 

1-H '■^ t~ -7I "OI CD CD 

cb cb«b ■jf' b b 


O lO »o 

»0 CD Cl »C t- vO 

D1 CO O CD r- X O Cl 

•r-l rH —I —I r- rH Cl iDl I 

;; I’ ii ii « ii II i 

HH< H^I I-I* r!l«t-|ao HHI [o 

■vH ^HHTH-rdMCq t?. 

-i-i- Ik • ' 




m 














rHr-IC^C<IS 4 MC<iC>l'Nm 


■( 

ts s’ 

C M ^ 

V .. ^ 

ui S - 

^ a V 

O [ 

' d ,a ! 
^ S- ' 


® -5 c c 

tc W) o o 

s e mh rs 

M -2 ° g 
^ ^ 

® Cl «"f ^ 


&. ^,Ph ® 
r^j (I •' J 

§ 02 Pi ^ 

- , ^ 

§ <M J g 

»H M tl & 

s ne ee •*-' 

H g PH .is! 

® ei 

pM ^ 

cs eB Cti t” 

I « s 
p . a* 

• 40 o 

> d-=3 

S « & 

S S s'S 
o c -t^ > 

O ?p“ 

./>S BFll 

.a ^ P' 

■♦J . 0? 

C3 ^ 

” o' t; 


n o ® 

,£! itH V 

A 

.5 •= ® 

02 S.tJ 


CD Mg 

ai§ 

Sol 

6 „ I 


K't « 


>■, ,, C^l C- X CM t:- O ><5 KS m e- O W CO Cl 

j 3 ,-' «'*'}( cicco:asci; Cl oscJ-'i'cct'* 

jj_|.i?-Or-ifii‘cO'^»ot^ao>eon?iccD 

■I' I 1-1, i iH iH Cl <ri CM cj Cl « « « r* Si 


' ■<i'»C 05 XeOOOXOS 
^ ,Q ,.i M ■Mt SS O 'Cf I- I-- C5 OS 
», «0 -'ll »C »'• 05 X 05 rH r-( 

;!>►*!' ■ ■ U. 

_ ' fH iH 

ij I 


OO'H^CClO-^i-'fCC 
PC accictioci^r-iifr^ 
r .LOOf-HCClCOUfT^Ot'-'X 




1 

Oi 05 CC 't X '4 CM O ac O <M O -f 
jii^i’:C‘*’i<«DX«l>XOi-HCM€D? 0 X 05 

I * ’ ’ 'miHi-HCMWCMCMCMCMCM 
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TABLE 49. • 

J 

liULL IIKAD RAILWAY RAILS'-BRITISII 



Tlu) (limonaions iigu'-od on iho diai^riini ..ru uhn saino Hjr 

r I 

,all HCCtioMS. 

Tl'.a sections iriark/id ^ in tlie ti-l)le oMftiuod nntil -Juno, 
11>2‘2, when they were revised to the sections marked " R.'' 

f 

The diagram shews the 95R section rail, full si^^e. • 

^10 dotted lines slmw Die cross section of the lisl/plato 
‘for 85, 90, 95 aiui 1001I)S. rails. 


K&tmcted by pc'rmisBion of the Bnlish Knginoeriug StiuidarclB 
AsHOciatiun from tlioir lleport No. n, 19‘22, l^ritish Standard Hpeoification 
and Sootioiis for Bull Hea<l Railway Rails; official copies of which can 
lie obtained from the^ Secretary of the .cLssociation, 2H, Victoria Street, 
Wostminstor, R. W.l; price la. 2d. post free. 
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